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PREFACE. 

The original sketcli of this work appeared for the 
first time in the 'Journal de M^decine et de 
Pharmacologie/ of Brussels, at the commence- 
ment of the year 1858. It was soon after re- 
printed and published anew at Brussels and Paris. 
At the same time, my original paper was repro- 
duced in Belgium, without my knowledge, in the 
' Eevue Populaire des Sciences,^ by M. Husson, 
and in France, in the 'Ami des Sciences,' a 
weekly paper, edited by M. Victor Meunier. 

Unknown to me, it was translated also into 
German, by Dr. Miiller, of BerUn, about two 
months after its first appearance; and I have 
since learnt that an Italian edition was expected 
to appear shortly. 

I was thus convinced that the subject of Phos- 
phorescence deserved to be treated far more ex- 
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tensively tban had been done in my hrochure, 
mere sketch, which is now cat of print j so that, 
instead of republishing it with additions, I have j 
completely remodelled the work, and brought | 
forward in the preaent volume every case of Pho8- j 
phorescence which it has been in my power to I 
obtain (many of which have originated in my own I 
laboratory), after seeking for and studj-ing the I 
phenomenon in the whole domain of Nature. 
My attention was first called to this extremely | 
interesting class of natural facta by my physical I 
and chemical studies. They liave occupied myj 
thoughts for somo time past; and Iwas the raoreJ 
BJixious of treating this subject ui exkfiso, since, 
up to the present day, it has been impossible to 
give a satisfactory explanation of phosphoric phe- 
nomena. 

Phosphorescence, indeed, whether manifested.! 
by the glowworm, the Bologna stone, a fungus, 
or a falling star, is generally looked upon as an 
unexplained and mysterious production of light. 
I hope, nevertheless, that I have been able to ex- 
tricate it a little from the obscurity in which it, r 
lias hitherto been enveloped. 

In order to appreciate every circumstance con- I 
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ted with phosphoric phenomena, or the spon- 
taneous emission of light by natnral or artificial 
substances, as well as by living and dead organic 
bodies, these phenomena must be studied in the 
whole domain of Nature — in the mineral, in the 
vegetable, and in the animal world. I have there- 
fore brought forward what I know on the subject, 
with regard to mineral substances, and have ex- 
tended my investigations to vegetables, to animals, 
and to organic matter deprived of life. The phe- 
nomenon of Phosphorescence will thus have been 
studied simultaneously throughout Nature, and 
this is, to my knowledge, the first time t}iat the 
interesting series of facts I have consigned to 
these pages have been looked upon as constitu- 
ting a whole. 

Phosphorescent properties, although developed 
to a prodigious degree in the insect world, are 
found nevertheless to exist in numerous other ani- 
mals, ill many plants, and also in certain minerals 
and chemical products. They pertain at once to 
the science of chemistry and physics, as well as to 
botany and physiology. Those who possess a 

ofound knowledge of these different branches of 
ral history, can alone hope to arrive at the 



cause of the varied phosphoric phenomena wi^M 
which observation has already furnished us, or t 
explain these phenomena in a satiafactoiy manner* J 
A flame ia always a llame, light is everywheiw 
light ; but it remains necessary to ascertain Itoi 
this light ia jiroduccd in the different circurnv's 
stances under which it is observed. I myself dam 
not pretend to have snatched from Nature thsfl 
entire secret of Phospliorescence, but I hava'l 
reasons to hope that the observations contai 
in this work will prove, that, owing to thai 
rapid progress that natural science has made)] 
during the present century, I have been able 
to tread in a firmer path than many who have 
preceded me, and that I have penetrated a little 
way into the track which will conduct us finally 
to the desired goal. 

My work is essentially divided into four parta;< 
The first treats concisely of mineral phosphOwJ 
rescence ; it includes also the history of certa 
meteor oiogical manifestations of hght, some i 
which are extremely remarkable. In the second^'! 
I have said what I know of the emission of Hghfrl 
by plants and vegetable substances ; and have pre 
ceeded in the third division to investigate thf 
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phenomenon of Phosphorescence in dead animal 
substances, and the emission of light by living 
animals. 

The fourth division comprises some historical 
notes upon the subject, and the theory by which 
I have endeavoured to account for the various 
phenomena to which the attention of the reader 
is caUed in the previous chapters. I have pur- 
posely placed my theoretical considerations in 
this section, as they will thus have a better 
chance of fair appreciation than if their elements 
had been dispersed throughout the work, ap- 
pended to every isolated fact or experiment as 
mentioned or described. 
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THE PHOSPHORESCENCE 
OF NATURAL OBJECTS. 

INTRODUCTION. 

AaoOT the latter end of the sixteenth centuiy 
there lived in a narrow, winding street of the old 
town of Bologna, a certain cobbler, Vincenzo Cas- 
cariolo,* who devoted much of his time to i 
chemy. Some say that he even quitted his trade, 
and apphcd himself exclusively to chemical ] 
bonrs, but I am inclined to doubt the fact. How- 
ever cheap living might then have been in Italy, 
Jchemy would indeed have formed a bad substi- 
tute for the last in many respects. In spite of 
this, Signer Vincenzo was ao bent upon i 
gold, that his little workshop contained nearly all 
the mysterious chemical apparatus of the day. 
Phials, retorts, and crucibles found room among 
awls, lasts, and leather ; and Vincenzo Cascariolo, 
* Some write liis name Casciorolo. 
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no doubt, looked upon shoe-mending as a sorty 
occupation for a man initiated in the secreta of 
the " sublime art," and who might indeed have 
ranked amotig the first adepts of his day. 

Some time had elapsed since our cobbler had 
set hia heart upon gold-making, when, strolling 
one fine Sunday evening near the httle eminence 
known aa the Monte Patemo, about a league 
from Bologna, he picked up a atone, aimilar to 
any other stone, save perhaps in one particular, 
its great weight. 

The fact struck him. Thia stone posseaaea, 
thought he, one of the properties of gold. Per- 
haps he imagined that it contained gold which 
might be extracted; or, may be, he fancied it 
would bo capable, from its heaviness, of trans- 
forming vile or imperfect metals into gold, by im- 
parting to them its characteristic property. 

Cardan, Van Helmont, Libavius, and many 
other distinguished alchemists, had hved before 
Caacariolo's time, but I know not whether he stu- 
died their works, and I doubt whether he would 
have profited much by them if he had. 

It is impoasible to ascertain therefore what pro- 
minent idea, or what kind of theory reigned in 
the cobbler's mind on the discovery of this stone, 
destined to become celebrated and to immortalize 
his name. However, no sooner had he collected 
a certain number of specimens, than he hastened 
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1)ack to Hs little worksliop, and began immedi- 
ately to experimentize upon tbe mineral. 

It appears most probable that Cascariolo looked 
npon the sulphate of baryta, or heavy-spar, — for 
such was the object of hia curiosity, — as a metallic 
ore, and supposed that by heating it with charcoal 
in a hot fire, he would be able to extract a metal 
— ^perhaps gold I His hopes in this respect were 
not realized, but he nevertheless succeeded in ob- 
taining' one of the most curious of substaneea, — 
a body which, to use the words of an old physicist, 
" absorbs the rays of the sun by day, to emit them 
by night," 

At this period there wajs at Bologna a wcil- 
known alchemist, Scipio Begatello, who had ren- 
dered himself remarkable by his attachment to the 
art of gold-making j and in the year 1602 the cob- 
bler brought to him the product of his experiments, 
showed him the substance produced by calcination 
(and which he called by the mystical name of lapis 
solanx), and endeavoured to convince Begatello 
that irouL the weight of the stone which had fur- 
nished it, from its power of attracting and retain- 
ing the golden bght of the son, this shining sub- 
stance would doubtless be fit for converting the 
more ignoble metals into gold — the sol of the al- 
chemists. He showed it also to Maginus, a dis- 
tinguished professor of mathematics, who, being 
no adeptj did not keep the matter a secret., aa "Be- 
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gatello seems to have done, but sent both the mi- 
neral and the subatance produced from it, to the" 
princes and learned men of the day, thereby con- 
tributinff more than any other person to make 
known this aingnlar discovery. 

The stone discorered by Cascariolo is now 
known as Barytine, or Heavy-spar (sulphate of 
baryta). By heating it with charcoal he had trans- 
formed it ioto sulphoret of barium, a substance 
which lias the curious property of shining in the 
dark, after it has been exposed for some time to 
the rays of the sun. 

Many years after its discovery, the German che- ' 
mist Marggraf found an easy and certain method 
of preparing it, by making into a paste with water 
a mixture of pulverized barytine and flour, and 
enbmifcting the whole to heat in a closed crucible. 
The Hulphuret thus produced is placed in a well- 
corked glass jar, or made into atara, which shine 
marvellously in the dark after they have been ex- 
posed to the sun for a short time. 

Such ia the history of the discovery of the sub- 
stance first known to be phosphorescent by inso- 
lation. For many years it has been sold in the 
streets of Bologna as a curiosity, under the name 
of Solar Phosphorus, or the Bologna Stone. Marg- 
graf showed that other minerals, other varieties of 
heavy-spar, were capable of fiimishing similar 
"light magnets" or "luminous atones," and at 



J 



1 




nfTSODUCTTOy. 6 

e present day a great number of substances are 
tnown to poasesa tlie same singular property. 

In 1663, the celebrated English chemist Robert 
Boyle announced to the world that the Diamond 
possessed the same luminous property as the Bo- 
logna Stone J and what we have just told of Cas- 
cariolo's labours has its parallel in the discovery 
of another luminous body, far more remarkable 
than either. 

In the seventeenth century there lived at Ham- 
burg an alchemist named Brandt, who having en- 
deavoured for many years, but in vmq, to convert 
other metals into gold, was struck one day with 
the golden colour of urine, and doubted not but 
that this liquid contained some aubstanco that 
would realize his dreams. Brandt thought that by 
acting upon the metals he wished to convert into 
gold with a blackish extract he had prepared by 
concentrating and evaporating urine, he would 
certainly operate the desired transmutation. He 
therefore introduced this black extract into a re- 
tort with the metals in question, lighted his fur- 
nace, and watched intently the progress of the 
operation. The result was negative : the metals 
after the experiment remained unchanged. How- 
ever, one evening, after having distilled a consi- 
derable quantity of urine over some metal or other, 
and having pushed the distillation as far as pos- 
sible, he was surprised to find that a peculiar shi- 
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aiag body had passed over into the recipient. He 
repeated the experiment with the black extract, 
and, after applying aa great a heat as he could 
master, he obtained a notable quantity of this 
trange shining sabatance, collected it in silent 
astonishment, studied its properties, found that it 
was extremely inflammable, and that it possessed 
the curious property of shining intensely in the 
dark. 

These experiments were made in the year 1669, 
and the luminous substance was called Phosphoma. 

Brandt immediately sent a specimen of tliis 
wonderful body to Kunkel, chemist to John 
George II., Elector of Saxony, and one of the 
most distinguished savants of the day, but did 
not disclose to him the secret of its preparation. 
Kunkel, in his turn, showed it to his friend Kraft, 
of Dresden, who found it so marvellous that he 
proposed to set out immediately for Hamburg, and 
endeavour to discover how this luminous substance 
was prepared. He took two hundred dollars with 
him, and succeeded in buying for that sum the 
whole detail of the preparation. But Brandt only 
delivered it on the condition that Kraft should 
disclose it to no one. 

Kunkel, whose passion for chemistry was in- 
tense, felt such disappointment when he learnt 
that Kraft possessed the secret, and yet could not 
make it known to him, that he determined to sot 
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about finding it out for himaelf. He knew that 
Brandt, wlio died ahortly afterwards, had devoted 
moat of hia life to experimenta on urine, and he 
felt convinced that pbosphoraa must have been 
obtained from that liquid. After many and varied 
experiments, quite unsuccessful, Kunkel at last 
obtained (in the year 1674) the substance he aoaght 
after ao long and so obstinately.* 

In tbe year 1675, another chemist, Baudoin, 
prepared a new "phosphorus," or shining aub- 
Btancc, by calcming nitrate of lime. Since then, 
many subatances which shine in the dark after ex- 
posm'e to the sun, have been discovered. One of 
tbe most remarkable, perhaps, ia "Canton's Pbos- 
phoraa," or aulpburet of calcium, obtained accord- 
ing to the author juat named "by heating a mix- 
ture of three parts of sifted calcined oyater-ahella 
with one pai-t of aulphur to an intenae heat for one 
hour." It can also be prepared by calcining 
plaster of Paris with common charcoal. 

Tbe pecuhar and sometimes extremely vivid 
phosphorescence of the sea was known in anti- 
quity. Pliny speaks of it, and of the phosphores- 
cence of certain Medusa. But it was not till long 
afterwards that the cauae of this wonderful phe- 
I " Some authoFB state that plioBpliorus was dincorered in Bng- 
1, about tliB same time, by Hubert Bo^Ie. In I76B, Galin, 
B oelobnited Swadiah miauralogiat, diacosorcd it in bones, and 
ibUihed, with, the illuBtrioua Scbeele, a new process for eitract- 
V it, wMob is Hmikr to the one practlBod at tbe proaont day. 
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nomenon was ascertained. The names of the au- 
thors of this discovery, and the dates of their in- 
vestigations, are given in thw work, in their pro- 
per places. The same observation will apply to 
those singular cases of phosphorescence which 
have been observed in the vegetable kingdom, 
upon flesh, decayed wood, etc. 

It will be easily understood what is meant by 
the term Fhospkoreecence, when we remind our 
readers that phosphorus, which shines so curiously 
in the dark, and which enters into the composition 
of our common lucifer matches, is the most re- 
markable of all phosphorescent bodies. The word 
"phosphorus," which signifies a substance that 
bears or emits a light, has frequently been applied 
to various other substances besides the non-me- 
taUic element termed phosphorus in chemistry, on 
account of the property these substances possess 
likewise of shining in the dark. 
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MINERAL PHOSPHOEESCENCB. 
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no substance aurpaaaes in this respect sulpliuret 
of baiium. 

It is nowa long time since tlie cobbler of Bologna, 
in Italy, aatonished and amused his friends witt a 
peculiar subataaice since known as Bologna phos- 
phorus, Bologna stone, or Solar phosphorus, wbich 
shines brightly in the dark after having been placed 
in the sunlight for some time. This substance is 
sulphuret of barium. The cobbler prepared it by 
heating red-hot with charcoal a piece of suljihafe 
of baryta, or Barytine, (Fig. 1,) a stone which he 




picked up in the secondary strata of the Monte 
Patemo, where he found it in lumps of considerable 
weight.* The German chemist, Marggraf, used to 
prepare solar phosphorus by powdering down the 
stone, and making it into thin cakes, with a mix- 
ture of flour and water, before submitting it to 
calcination. This " Bologna phosphorus" was the 
first substance known to become phosphorescent 
after insolation, and, consequently, it has been 

■ BarytiiiB ia found abundantlj in Darbjshira, Cumberland, 
the Me of Anao, etc. 
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I snbmittccl to many and varied experiments. It is 
I best obtained by the calcination of pulverized 
I sulphate of baryta, made into a firm paste with 
n gum. It should bo preserved in a bottle 
■%hich closes hermetically with a glass stopper. 

When such a bottle and its contents are ex- 

Ijioaed to the raya of the sun, or even to daylight, 

rfor a certain time, and then taken into a dark 

m, the sulphuret of barium is scon to be beau- 

Itifully phosphorescent, or to ehine like common 

ihonis, and the phenomenon will sometimes 

F last a whole hour. The most intense cold does not 

affect this phosphorescence, and it manifests itself 

precisely in the same manner whether the sulphuret 

be placed in vacuo or in the air. 

When nitrato of hmo is melted for ten minutes 

a, crucible, it leaves a residue which manifests, 

■ to a less extent, the same phosphorescent property. 

f This residue, which is nothing more than pure 

me, or a mixture of lime and nitrite of lime, was 

Jknown for some time aa " Baudoutn's phospho'rus." 

like phenomenon is observed with calcined 



Sulphuret of calcium possesses the same phos- 
phorescent qualities as the sulphuret of barium 
alluded to above j hence the former is sometimes 
known as " Canton's phosphorus." Canton pre- 
axed it by heating a mixture of three parts of 
pifted calcined oyater-ahella, with one part of aul- 
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phur, to an intense heat for one hour.* It ct 
also be formed bj heating gypsum with charcoal. 

Some diamonda, but not all, possess the same 
property, and manyother substances have been ob- 
served to be more or less phosphorescent in the 
same circumstances, that is, after insolation. t 

Lajidrin {Did. de Mm.) aaserta that radiated 
sulphate of baryta, certain natural fluorides, 
salt, amber {suecinmn), and quartz, become 
nous for a few instants after they have been 
posed to the sun. 

Walls that have been painted or ■whitewashf 
with lime, are apt to become luminous at night 
after they have received the action of thi 
rays in the daytime. Whitewashed houses are, 
on account of their phosphorescent quality, visible 
at a great distance on the darkest nights. 

It was natural enough that the action which the ' 
coloured rays of the solar spectrum exercise upon 
these substances, that become phosphorcscentn/^er 
insolation, should bo early investigated; and in 
1775, Wilson pnblishcd his ' Series of Experiments 
on the Phosphori,' in which paper ho asserts that 
the most refrangible rays of the solar spectrum 
determine a vivid phosphorescence in sulphnret 
of calcium {"Canton's phosphorus"), whilst those 
raya which are the least refrangible — i.e. those 
situated near the red light of the spectrum- 

• Philosophical Treiwictions, 1768. f See Chapter VI. 
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e phosphorescence excited by tlie otlier rays to 
Ritter was aJao aware of this, and about 
le timo Beccaria found that " the violet rays 
if the spectrum arc the most apt, the red raya the 
least apt, to develope phosphorescence in solar 
phosphoH." Becquerel affirms alsoj from his own 

I experiments, that the property possessed by light 
pf rendering certain bodies luminous in the dark, 
i^pears to reside — if not entirely — at least to a 
j^at extent in the violet rays, whilst the red 
tays are completely deprived of this property, a 
fcct noted also by Heinrich. 
Biot, Arago, Daguerre, and others, have made 
many rescM^hcs on this subject. They have 
shown, among other curions facta, that with the 
invisible rays— sometimes termed chemical or ac- 
tinic raya — situated underneath the luminous part 
of the solar spectrum, it is possible to render a 
phosphorescent body luminous, or at least visible; 
whilst, when plunged in the visible rays, red, yel- 
low, orange, green, etc., not only this same body 
is not hghted up, but its light previously excited 
by the invisible rays is extinguished. 

This curious phenomenon has been admirably 
investigated in England by Professor Stokes, who 
has denominated it Fluorescence, and who has 
shown that a considerable number of substances, 
besides those known as Bolar pkosphori, act upon 
these invisible rays of the Spectrum and render 
tJiem visible. 
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Dessaignes and the elder Becqnerel have re*l 
marked that those bodies which are good conductors 
of electricity are not pliosphorescent after insola- 
tmi. We shall have occasion to refer again to this 
important fact. Biot and Becquerel have both 
proved that electricity acta upon the solar phoa- 
phori in the same manner as insolation. An elec- 
tric discharge renders them luminous in the dark 
for some time after tho diachargo has pasaed {a 
discovery originally made hy Grothusa, and with 
Trhich both Canton and Deaaaignes were famihar), 
and they have also shown that differently -coloured 
rays of hght modify this action in tho same man- 
ner as the differently- coloured rays of the solar 
spectrum. Moreover, phosphori that have lost 
their phosphorescence, or that have ceased to shine 
in the dark after a firat insolation, recover their 
luminous property when acted upon by the electric 
light — an observation we owe to Grothuas and 
Becquerel — and when this light is pasaed through 
certain transparent screens, such as plates of glass, 
of quartz, or different salts, it is observed that theuofl 
screens become obstacles and sometimes coiD^I 
pletely prevent any phosphorescent radiations. ^ 

Electric discharges proceeding from a battery 
communicate a recognizable phosphorescence of a 
longer or shorter duration, to a great number of 
bodies which are bad conductors or non-cojiductorf^ 
of electricity. This phenomenon may be observed 
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Top instance, with, sugar, dry chalk, and many 
otter sab stances. 

Among todies slightly phosphorescent after in- 
solation, we may name melted potash and soda, 
dry nitrate of lime, and chloride of calcium, sul- 
phate of potash, sulphate of soda, arragonite, calc- 
Bpar, dolomite, carbonate of strontia, carbonate of 
baryta, different calcareous earths, phosphates of 
lime, sulphate of baryta, Bulphate of strontia, etc. 

According to Ed. Becquerel, other substances 
are phosphorescent after insolation, but in order to 
observe it we must remain some time in a dark 
room, and then, by means of a hole in the shutter, 
expose the body experimented upon to the hght, 
at the same time keeping the eyes closed until the 
hole in the shutter is shut again. By experiment- 
ing in this manner, many substances are seen to 
be phosphorescent for a few seconds after insola- 
tion ; amongst others numerous minerals, salts, 
organic substances such as paper, gum, sugar, 
teeth, etc. 

Long before Becquerel, however, we find in the 
article 'Phosphorus," of the 'Eucycloptedia Perth- 
ensia,' it has been found "that almost all terres- 
trial bodies, upon being exposed to light, will ap- 
pear luminous for a little while in the dark, metala 
only excepted." 



CHAPTER n. 

PHOSPHOBEaCENCE BY HEAT. 

Mast subetances become ptoapborescent wben 
they are heated to a certain temperature. Such, 
for instance, are fluor-spar, lime, sulphurct of cal- 
cium, diamonds, etc. They manifest their phos- 
phoric qualities when, after being pulverized or 
broken into small fragments, they are thrown upon 
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Some varieties of apatite (fig. 2 — phosphate of 
lime with fluoride or chloride of calcium) are 
phosphorescent when heated, especially the 
coarser varieties. I have proved that their phos- 
phorescence is owbg to the fluoride of calcium 
which forms part of the mineral, for j>ure pliog- 
phate of lime does not show any phosphoric light 
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I when heated ; nor do moat of the so-called chlor- 
apatites, which contain chloride of calcium substi- 
tuted in part or wholly for the fluoride. 

Of all these substances, the most remarkable 
is fluor-spar (fluoride of calcium — ^fig. 3). When 
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thrown in the dark upon heated mercury, into 
boihng water, or on to a hot shovel, this mineral 
immediately emits a brilliant phosphoric Hght. 
Some specimens possess this property to a greater 
extent than others. A certain green variety of 
fluor-spar called Chhrophane becomes phospho- 
rescent at the low temperature of 20° or 25° (cen- 
tigrade), which is almost that of our aummers. 
Rare descriptions of chlorophane become phos- 
phorescent in a dark room from the mere warmth 
of the hand. According to Landrin (Diet, de 
Min^raJogie] some varieties are almost constantly 
luminous in the dark.* 

* Fluorido of dalciiun loses i(a pliOBplioriu property after it 
Lob been once lieatcd. Miller neeeHa (' Elem. of CheniiBtrj') that 
when B, pboaplioresceDt Quorids of laiJcium ia dissolved in lijdro- 
chloric add, and Uicn precipiUkted by ammonia, tlie precipilato ii 
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Goramoii salt (chloride of Bodium), cUoride of 
mercmy, ersenioua acid, etc., are phosplioresceiit 
only at a temperature of about 200° (centigrade) , 

White flocconous oxide of zinc may bo heated 
to a very high temperature witliout melting op i 
volatilizing ; but whilst heated it ia observed to | 
turn yellow, becoming white again on cooling. 
Now, whilst this transformation of colour from 
yellow to white is going on, the oxide of zinc is 
seen to glow with a faint blue phosphoric hght. 
This change of colour and this emission of h'ght, 
observea Baudrimont (in his ' Trait^ de Chimie,' 
vol. ii.), seem to indicate that the oxide of zinc 
nndergoes what is termed an inomeric modification 
(change of chemical properties) at a high tem- 
perature, and returns again to its primitive state 
on coohng. I 

Bend ant affirms that a crystal of fluor-spar 
which is very perfect and transparent, will not be- 
come phosphorescent by heat until one of its sur- 
faces has been roughened a little on a piece of 
&andstone ; he states also that diamonds which 
have not been cat are not phosphorescent by heat, 
but that they become so as soon as they are cut 
or polished. 

phoephoreacent. This is not tlie easo, howoter, if the fluor 
hu been preyioualj healed enough W destroy ilfl phospliOrBBcoooe.^ 
Solution and precipitAlJon have tberefore no ponar to dcatroj OK'S 
to reBtore this curioiu property. 
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^raost any substance, wlietlier organic or mi- 
l1, if a non-conductor of electricitj, becomes 
7 less phoKphorescent when it is tlirown 
pon a, molten bath of the easily- melting alloy of 
D'Arcet. Indeed, Wedgwood published an ela- 
borate paper upon this subject in the ' Philoso- 
phical Transactions' for 1792. He experimented 
pBpon au extensive variety of substances both 
ineral and organic, by reducing the body to a 
moderately fine powder, and sprinkling it by 
small portions at a time on a thick plate of iron 
heated just below visible redness, and removing 
the whole to a perfectly dark place. He has given 
prodigious list of substances which appear lu- 
for a few instants when submitted to this 
itment, 

body which is known to be phospho- 
icent by beat loses, from some undetermined 
■, its phosphoric property, the latter can be re- 
■ed to it by means of electricity, as we have 
the foregoing chapter regarding substances 
which are phosphorescent after insolation. For ex- 
ample, certain diamonds which cannot be made to 
give out any phosphoric radiation by beat, wiU do 
so after one or two electric discharges have been 
passed over them. This curious fact was mads 
known by the German savant Grothuss. 

Pearsall {in 'Journal of Royal Institution,' 
>1. i.) has described experiments proving that a 
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dozen electric discharges passed through non- 
phosphorescent bodies such as marble, certMn 
varieties of apatite, etc., will give them the pro- 
perty of becoming luminous by heat. On twenty- 
one days of cxpomire to light, these substances 
rendered artificially phosphorescent lost that pro- 
perty again. But if kept in a iltirk room, they 
retained it. The term "non-phosphorescent , 
bodies," used by Pearsall, is rather exclusive ; as 
phenomena of phosphorescence are so universally 
spread, that scarcely any substance, if properly 
experimented with, will prove to be non-phospho- 
rescent in the strict sense of the word. Hia ob- 
servation ia, however, exceedingly remarkable. 

Some years ago M. Schiinbein showed that 
metallic amrnk becomes phosphorescent when its 
temperature ia raised to a certain degree.* I 
imagined that anti/mony might present the same 
phenomenon, but found it was not the case. 
Stihint:, or native sulphuret of antimony, I found, 
however, to be very phosphorescent wheu heated 
in a crucible to a dull-red heat. The light pro- 
duced is white, with a slight tinge of yellow. I 
have lately observed that copper, native snlphnret 
of copper, gold and xUvcr are notably phosphores- 
cent when melted on charcoal before the blow- 

* The metallic andnic U placed in a Biaall glaiw globe, atid 
heatnt with s iipirit-lanip. The light ia emitted at tlie same tims 
that (he charactcmtic garlio odour ia devoloped. 
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■^ipc. As BOOH as copper is tboroaghly melted (at 
I the inner flame), ib glows with a greenish-yellow 
;, Bimilar to that of the glow-worm. On cool- 
I ing a little, it rapidly loses this property, and at 
1 the same time a molecular change is observed on 
I the surface of the metal. I have also found that 
I the mineral lepldoHte is aa brilliantly phoapho- 
I reacent by heat as fiuor-spar. But to observe this 
I phenomenon properly, it should be viewed through 
I a piece of glass coloured bine by oxide of cobalt. 
In these circnmatances, the phosphoric light of 
lepidolite before the blowpipe is very fine. The 
blue glass extinguishes the orange-red light of 

tthe heated charcoal. 
Among organic salts it has been observed that 
twlpkate of quinine and svlphate of cimiconine be- 
come phosphorescent under the influence of heat. 
M. Bottger has remarked that these salts do not 

I shine in the dark as long aa their temperature con- 
tinues to rise; they become phosphorescent only 
■^hen, after being heated, the temperature begins 
to decrease and they remaiu in a luminous state 
for some minutes whilst cooling. Pure quinine 
and sulphate of quinine are very phosphorescent 
in this manner : the phosphoric hght given out by 
sulphate of quinine whilst cooling is sufficiently 
gtrong to enable one to read by it. Pure idneho- 
nine does not appear to be phosphorescent by heat, 
but sulphate of cinchonine is so, though to a less 
degree th^i sulphate of quinine. 
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Paper is also capable of becoming Inminoas 
when heated: fix npon a plate of copper any 
characters of the same metal ; these characters 
should be about two-tenths of an inch thick. At 
the back of the plate fix an iron rod terminating 
in a wooden handle. When the plate is heated, and 
then violently pressed npon very diy paper lying 
npon three or four folds of cloth^ the characters 
thus impressed will appear faintly luminous in the 
dark until the paper is cool. 



CHAPTEE III. 



PH0SPH0RE3CEMCE BT CLEAVAGE, FRICTION, PER- 
CUSSION, CRYSTALLIZATION, AND MOLECULAR 
^^ OR CHEMICAL CHANGE, 

^^B^ haa been observed that numerous mineraJa and 
^^■ehemicsl products emit light wheri they are split, 
^^K. B. during the process of cleavage ; others, by 
^^K&iction ; others again, by percuasion or whilst 
^B tii^y crystallize, etc. 

When a lamina of mica, for instance, is divided 
by cleavage, and the operation proceeds in a dark 
room, a feeble emission of light is perceived at the 
moment the separation of tbe two plates occurs, 
Each of the two plates thus separated ia found 

» afterwards to be electric : the one shows positive 
dectricifcy, tbe other negative electricity. Some- 
timig similar is observed in the cleavage of feld- 
spar, which, according to Laudrin and some other 
authors, emits a feeble light in this circumstance, 
the phosphorescence lasting only a few moments. 

t Another instance is afforded by boracio acid, 
hen boracio acid is melted in a crucible and then 




26 PEOSPffOEESCENCE 

allowed to cool, it cracks or splits up as its tem- 
perature decreases, and, at the Bame time, emits 
a feeble light. When vanadic acid is melted, it 
crystallizes on cooling, and during the whole time 
that thia crystallization lasts, the substance glows 
with a red phosphoric light. When phosphate 
of lead is melted before the blowpipe, it forma a 
crystalline bead on cooling, and whilst this crys- 
tallization takea place light is produced. I have 
frequently obeorued the emission of hght by boracic 
acid; when melted before the blowpipe, and allowed 
to cool in the dark, it cracks and gives a sudden 
flash of light when it has cooled for about twenty 
seconds. ITie acid should be melted upon a pla- 
tinum wire bent at the end. Berzeliua thought 
that this light was produced in a similar manner 
to the electric radiation which is sometimes ob- 
served when a card is suddenly torn asunder after 
being split at one of its corners. Light is also 
produced when crystals of sugar and nitrate of 
uranium* are broken. And I have observed the 
same to take place with laciine, or sugar of miik. 
Another kind of sugar, caUed mannite, presents 
similar phenomena. An emission of light is also 
observed when crystals of protochloride of mer- 
cury (subbmated calomel) arc broken between the 
fingers. 

• The effsot ie yery stritiog if erjitols of nitrate of unuiiuin be 
(hakoD up ia B bottie. 
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WLen chloride of calciam that has been melted 
in a crucible, is rubbed upon the sleeve in a dark 
room, it glows witli a greenish light. This was 
first observed by Homberg, hence the name of 
^.Momberg's phosphorus, by which this substance 
viwas formerly known. It is very phosphorescent 
ifcy percussion. 

Certain varieties of blend (sulphureb of zine) 
Miome phosphorescent by percussion and seme- 
mes after very slight friction. Speaking of blend, 
Dana says : — " Merely the rapid motion of a fea- 
iher across some specimens of eulphuret of zinc, 
I often elicit Ughfc more or less intense from 
mineral."* Other substances require a 
ponger rubbing, for instance, quartz, flint, etc. 
' In the case of quartz, an odour of ozone is per- 
ceived, a fact to which I called attention in the 
'Comptes Rendus' of the Paris Academy, in ISfiO.f 
Borax and sugar become luminous also in the 
dark, when rubbed. Otto de Guericke obaorved 
that the globe of sulphur with which he con- 
l/ptrncted the first electric machine, became Inmi- 
^oos when ho rubbed it in the dark. 

Hawkabee and Picard both discovered that the 

' Dana's ' Mineralogy.' 

» "f I £nd tbat it requires npivardB of two hnniired flasbcs tt> 

" !e B qnanlity of oione eqniralent in its elfocts to ono drop 

f nltnc wnd. Also, tliat witti ivhite quartz tho liglit is wliito, 

t with red quartz or calcined yellow quartz, it acquires a 

t, owing to tlie oiide of iron in the stoaos. 
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friction of mercury in the vacuum of the haro- 
tnetcr tuhe produces a phoephoreecent light. 

"When oxygen gas or air are compressed sud- 
denly in a pisfcon, heat alone is produced. The 
light seen in this experiment ia owing to the com- 
bustion of some of the oil of the piston, as proved 
by Thenard. When the piston is imbibed with 
water, no light is perceived ; and M. Saisay, of 
Lyons, has proved that oxygen alone, by its com- 
burent power, is the cause of this light. 

If chlorate of potash, fluor-spar, feldspar, sugar, 
etc. be struck in the dark, or ground down in a 
mortar, they present very vivid phosphoric radia- 
tions. With crystallized substances which are 
cleavable, i. e. easily divided into thin laminse, this 
phosphorescence is very remarkable ; with sugar, 
for instance, each fissure produced by the shock of 
the pestle gives birth to a streak of bght which 
lasts for an instant, and when a certain quantity 
of any of these subatances is ground down rapidly 
in a mortar, the whole mass appears as if on fire. 
This beautiful phenomenon is exceedingly striking 
when transparent feldspar is experimented upon. 
It has lately been discovered that dry hypophos- 
phites of lime, soda, etc., become phosphorescent 
when shaken or stirred in the dark. (Note. — 
These salts are apt to explode violently when 
evaporated to dryness at too high a temperature. 
Tuson, in 'Chemical News,' August, 1860.) 
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la 1858, M. Landerer, of Atliens, discovered 

ft-^iat an organic salt. Valerate of ipiinme, becomes 

r phosphorescent whilst it is being powdered in a 

I mortar. The light emitted, which is very strong at 

rat, becomes feeble as the pulverization proceeds, 

a altogether when the crj'stals are reduced 

3 powder. When the crystallization of fluoride of 

f sodium takes place in a dark room, this salt is 

L Been to twinkle with phosphorescent hght. The 

^-Bame is observed when Bulphate of soda and sul- 

ihate of potash crystallize together. Waechter 

J observed that chlorate of baryta crystallizes 

m its solution in long rhombic prisma with pro- 

\. dnction of hght. 

A most interesting production of hght was ob- 
[ served and pubhshed {' Joum. dea Sc. Physiques 
\ et Chimiques,' de M. derontenelSe), by Professor 
Pontus, in 1833, who showed that a vivid spark 
is produced when water is made to freeze rapidly. 
A amall glass globe, terminating in a short tube, 
IB filled with water, the whole is covered with a 
I Sponge or cotton-wool imbibed with ether, and 
3ed in an air-pump. As soon as the experi- 
menter begins to produce a vacuum, the ether 
jVftporatea, and the sponge or cotton-wool dries, 
) temperature of the water descends rapidly. 
But some instants before congelation takes place, 
% brilliant uparh, ferfeetlij visible in the daytime, 
B suddenly shot out of the little tube that termi- 
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nates the glass globe. M. Pontua has repeated the 
experiment often, and says that the prodnction of 
this spark is a sure sign that congelation is about 
to Imppen. 

It is well known to cliemista that arsenious acid 
exists under two distinct molecular modifications 
discovered by M, Guibourt, viz, the transparent 
acid and the opaquo acid. Professor H, Rose, of 
Berlin, has shown that when the transparent va- 
riety is dissolved in a hot solution of diluted 
hydrochloric acid, and the dissolution allowed to 
cool, the opaque variety is deposited in crystals, 
and each crystal, as it forms, is accompanied by 
an emission of Hght.* 

The same emission of hght is observed when 
certain oxides, whilst heated in a crucible to a 
given temperature, nndergo a peculiar molecular 
change which occasions a modification of their 
chemical properties. A phosphoric radiation, a 
BOrt of ineandescence, is remarked the instant 
that this change takes place. The substances 
that are remarkably phosphorescent during this 
molecular change occasioned by heat s 
mina, chromic oxide, oxide of zirconium, tanta 
acid, titanic acid, the acids of the new metal nio-' 
bium, peroxide of iron, and some others. In thefi 
mineral gadolinite, this phenomenon is very w 

' Bee Bote's paper on tliis in tlie ' Aimoleli der PlijsUi uod \ 
Chemio,' 1885. 
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(baerved. The rare mineral called samarBkite (nio- 
bftte of iron, of uranium, and of yttria) preaenta the 
same phenomenon to a leas degree. 

Oxide of molybdocum (MoO) is obtained by 
heating the hydrate of this oxide in vacuo : 
when the water is all evaporated, the dry oxide re- 
maining appears as if on fire; the anhydroua or 
dry oxide is then completely formed. 

According to BerzeHus antimoniate of copper 
becomes luminous when heated, and changes its 
chemical nature. Something similar has been ob- 
served with phosphate of magnesia. 

About fifteen years ago, M. Scheerer showed 
that the density of gadoliiiite (which, like samar- 
skite, contains no water) increases during the 
phosphoric radiation ; the density of the mineral is 
greater after the experiment than before. M. H. 
Rose haa confirmed this fact anew, and has shown 
at the same time, that with samarskite the con- 
trary ia observed t the density diminishes. These 
obaervationa alone prove that a molecular change 
takes place during the emission of light. 

H. Rose haa also confirmed the fact announced 
some time ago by Regnault as an hypothesis, viz. 
that the luminous phenomenon which occurs 
when the aubatancea above alluded to suddenly 
change their state, ia accompanied by an imme- 
diate change in their specific heat. Thus, the 
specific heat of gadolinite diminishes one-four- 
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teenth during the emisaion of light. This necea- I 
aitates a disengagement of heat, which ia reaUy I 
observed to take place, as is shown in the follow- 
ing experiment ; — When chromic oxide, titanic acid, 
or better than all, gadolinite is heated in a small I 
retort, the end of which, terminating in a C£ 
laiy tube, plunges into water, the dilated air con- 
fined in the apparatus is expulsed through the 
water uniformly as the heat increases, and when 
the phenomenon of incandescence takes place, the 
bubbles of air are, for a moment, driven out vio- 
lently, indicating a sudden prodaction of heat. 

With eamarskite and arsenioua acid {see p. 19), 
whose densities diminish during the experiment, 
no heat is disengaged, as ^vith gadobnite. Thus, 
thinks Rose, when this phosphorescence occurs 
without any disengagement of heat, it seems to 
indicate a diminution of density, whilst phospho- 
rescence v)ith emission of heat, appears indicative 
of an increase of specific gravity; and "probably, 
during the dirmnntion of density, the caloric is 
employed to separate the atoms, instead of being 



These results, obtained at the beginning of the 
year 1857, are exceedingly remarkable. 

In this chapter we should include also the well- 
known phosphorescence of phosphorus, formerly 
studied in our ' Recherches nouvellea sur lo Phos- 
phore.' The phenomenon occurs when phosphorus 
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•'Combines with the oxygen of the atmosphere to 
form phosphorous and phosphoric acids. As a 
chemical phenomenon it is in every respect similar 
to the flame produced when potassium or sodinm 
I' bnms in contact with water, or when many bodies 
laving very strong affinities for each other, com- 
fbine, with a production of light. The phoapho- 
Bscence of phosphorus, and the combustion (for- 
lation of phosphorous and phosphoric acids) by 
r which it is accompanied, occur in air or oxygen 
gaa at a given temperature. But if the pressure 
of these gases be diminished, the phosphorus 
becomes luminous at a lower temperature j and 
reciprocally, if the pressure be increased, the tem- 
perature must be elevated proportionally to make 
the phosphorus shine. The introduction of some 
L foreign gas, such as hydrogen, nitrogen, or car- 
I bonic acid, into the mixture, has the same effect 
upon the luminosity of phosphorus in air or oxy- 
gen, as if the pressure of the latter were dimi- 
nished — a remarkable phenomenon observed by 
, il. Bellani. This is the reason phosphorus shines 
i a lower temperature in the air than in pure 
:ygen gas. 

Thenard has made a curious experiment : he 
liBhows that nitrogen, hydrogen, or carbonic acid, 
jwhich have remained for five or six hours in con- 
vith phosphorus, and have then been sepa- 
■ rated from it, become luminous when a few bub- 
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blea of air or oxygen are passed into the gas ei« J 
perimentedwith. Carburetted hydrogen did notgive 
the same result. This deserves to be examined 
anew,forIhave showninmy 'RechercheBnouvellea 
sur le Phosphore,' that phosphorus is not volatile 
at the ordinary tomperature of the atmosphere. 

According to Fischer, phosphorus ia luminons 
in the atmosphere at any temperature above zero 
(freezing-point) ; it ia even luminous at 6° (centi- 
grade), but does not then appear covered with va-. 
poura. At a lower temperature its light disappears 
completely. In the bai-ometric vacuum no light 
is produced by phosphorus. (See Fischer, "On 
the Light of Phosphorus," in 'Journal fur prak-> 
tische Chemie,' t. xxxv. p. 342.) ■ 

It is not true that phosphorus becomes ln» 
minous in carbonic acid, carbonic oxide, oxide of 
nitrogen, and cyanogen, as some have asserted. 
When such appears to happen, the gases are 
found to contain small quantities of air. The 
smallest quantity of air is indeed Bufiicient to oc- 
casion a production of hght in these circumstances. 

A solution of phosphorus in spirit of wine is 
luminous when dropped into water; the light is 
only perceived where the drops fall into the liquid. 
One part of phoaphorua communicates this pro- 
perty to 600,000 parta of apirit of wine. 

Water in which phosphorus is preserved, be- 
comes luminous in the dark after a cci'tain time. 
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When phosphioret of calcium is thrown iuto wa- 
ter, a decomposition takes place, and phosphu- 
retted hydrogen gas is evolved. Each bubble of 
this gas, as it comes in contact with the atmo- 
sphere, takes fire spontaneously, and throws off a. 
ring of white smoke. Tliese pretty rings of smoke 
are luminous in the dark. 

In the yeai- 1851, M. Petrie discovered that the 
metal potassium is phosphoresecut when exposed 
to the air, tike phosphorus. ('Annuaire de Millon 
et Reiset,' 1851.) He covered the potassium with 
bee8'-wax,and then cut it in two. Each segment re- 
mained luminous for about half an hour, the light 
being about one-tenth the intensity of that pro- 
duced by a piece of phosphorus of the same size. 

M. Linnemann published another note in 1859 
(Joum. fiir prak. Chem., Ixxr.), upon the phos- 
phorence of potassium and sodium, showing that 
both these metals are luminous upon their freshly- 
cut surfaces. The light emitted by potassium is of 
a reddish tint, that of sodium greenish, according 
to this author. At 60" or 7l'° (centigrade), the 
light of sodium is quite as intense, if not more so, 
than that of phosphorus. I Iiave had occasion to 
examine sodium whilst phosphorescent. Its bght 
ia very feeble at the ordinary temperature of the 
atmosphere, and ceases when the newly-esposed 
surfaces of the metal are covered with a layer of 
oxide (soda). The luminosity lasts for a few mi- 
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nutesj and increases in brilliancy as the tempera- 
ture rises. 

Potassium also becomes incandescent when em- 
ployed in the preparation of boron, as must hare 
been remarked by any chemist who has prepared 
this metalloid. For this purpose vitrified boracic 
acid, in fine powder, and potassium are heated in 
a metallic tube. 

In fact, light, often accompanied by heat, is 
evolved, wherever chemical action is very intense. 
For instance, when sulphur and lead are melted 
together, light is produced whilst the combination 
of these two substances takes place. The same 
is remarked when phosphorus and iodine act upon 
each other r the experiment is very striking, and 
occurs when small quantities of phosphorus are 
covered over with iodine, at the ordinary tempe- 
rature of the atmosphere. In a short time the 
whole takes fire spontaneously. I have seen tte 
same occur when a crystal of nitrate of copper 
was enveloped in a thin shoet of tin. 

When arsenic or antimony are thrown into chlo- 
rine gas at the ordinary temperature, the metals 
(which must be in fine powder) burst into flame 
while combining with the chlorine. When caustic 
baryta is placed in a capsule and concentrated 
sulphuric acid poured upon it, the baryta becomes 
incandescent. 

If a drop of water fall into a bottle of anhydrous 
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sulphuric acid, a flaali of light, accompanied by a 
slight explosion, is immediately remarked. If 
small pieces of cork happen to fall upon melted 
chlorate of potash, eo frequently used to obtain 
oxygen gas, a flash of Light appears ; the gas is 
at first rapidly evolved from the retort, but in 
an instant an absorption takes place, the water 
is sucked up into it, and tJie apparatus broken. 
When chloride of amide (formerly called chloride 
of nitrogen) explodes, much light is evolved : the 
preparation and explosion of this substance are 
exceedingly dangerous. Potassium takes fire upon 
water, and burns with a purple flame ; I have also 
seen sodium shoot out flashes of yellow light in 
the same circumstances. Nitric acid decomposes 
oil of turpentine, producing a great flame. When 
great quantities of lime are slacked in a dark 
place, not only heat but U(fht is emitted, as was 
formerly observed by Pelletier,* Also, in a dan* 
gerous experiment made by myself, when sodium 

* There ore eut»taD<^B8 gbJIbiI Kaeodj/Ua, (one of which is 
formed when acetate of potash and aneniouB acid aie distilled 
together,) which take fire Bpontanoously when they coniB in eon- 
tAct with atmoeplierio air ; the; arc liquid, and possess a naiueoiu 
odour. Eomberg's pgrophoms, irhich tnkeB fire in the air, is an 
example of intense chemical action with production of hoat and 
light. It is prepared by caldning alum with organic mutters and 
cooling the miiture slowly. It must not he mistalien for Eom- 
berg's phoipiorai, which is melted chloride of calcium, and 
which, as we have seen, becomes luminous when submitted to 
rapid &ic1dan, or when struck with a bnrd body. 
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is dropped into concentrated sulphuric axrid, a 
flasli of lights distinctly visible in the daytime^ 
is emitted^ and red sulphuret of sodium is 
formed. 

These are all instances of intense chemical 
action^ accompanied by evolution of light. 



CHAPTER IV. 

f'PSOSPHOKESCENCE OF GASES, AND ELEOTBIO 
PHOSPHORESCENCE. 



The phosphorescence of gaaes ia quite a new dis- 
covery, dating from the year 1859. It is extremely 
probable that many gases are phosphorescent after 
insolation, when large quantities of them are enb- 
mitted to the action of the sun's rays. We shall 
Bee in the following chapter that the air probably 
is 80, and also that meteoric atones leave phospho- 
rescent atreaka in the atmosphere. 

We have already noticed, that substances which 
are not phosphorescent after insolation may be- 
come so after they have undergone the influence 
of an electric discharge. In Febmary, 1859, M. 
Edmond Becquerel communicated to the Academy 
of Sciences at Paris a discovery made by M. Ruhm- 
korff on rarefied air, and worked out afterwards 
by the former. 

M. Ruhmkorff remarked that certain rarefied 

gasesj shut up in glEisa tubes, remained phoapho- 

K:^P68ceat for some seconds after an electric die- 
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charge had been passed through the tubes uidJ 
gases. Hjdrogeu, sulphuretted hydrogeuj chlo- 
rine, protoxide of nitrogcu, showed a feeble light 
for a few seconds after being submitted to an 
electric discharge or a current of induction. With 
oxygen a similar effect is observed. Rarefied oxy- 
gen, enclosed in a serpentine apparatus composed 
of a series of glass globes united by bent tubes 
(fig. 4), in which are soldered platinum wires to 







conduct the discharge, is submitted to the action 
of a powerful induction machine or common elec- 
tric battery. When the current is suddenly cut 
off, the entire tube shines with a yellowish light, 
which persists for some seconds and then gradu- 
ally disappears. The experiment must of course 
be made in a dark room. > 

Sulphurous acid gas sometimes shows a similar 
effect. M. Ed. Becquerel has not been able to 
observe phenomena of phosphorescence in any of 
these gases after insolation or after exposing them 



\ 



OF GASES, STC. 41 

to tlie electric Hglit, though it is probahle such 
doea exist. 

In the above experiment, when other gases are 
^lixed with the rarefied oxygen, the eifect is some- 
what increased, probably because a certain amount 
of chemical action is set up. 

Our readers know, that by passing the dis- 
charges of a E.uhmkor£f'a induction apparatus 
through a glass globe in which the air has been 
highly rarefied, a beautiful luminous phenomenon 
occurs and persists as long as the induction ap- 
paratus continues to work. When the vapour of 
some volatile substance, such as alcohol, essence 
of turpentine, naphtha, bichloride pf tin, etc., is 
mixed with the air in the glass globe, and a va- 
cuum then produced by the pneumatic machine, 
the luminous phenomenon is still more beautiful. 
The bght forms a series of concentric arches 
separated by dark stratifications ; its colour and 
form remind us of the Aurora Borealis ; and, in- 
deed, some have looked upon this experiment aa 
the production of an artificial aurora, the vacuum 
of the glass globe (which is never a perfect void) 
representing the rarefied air in the higher regions 
of the atmosphere, where the Aurora Borealis 



The light thus produced, to be seen to advan- 
liege, must be viewed in a dark room, but it is 
f fcintly visible in full daylight. 
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These striking experiments were made some" ' 
few years ago by Professor Quet, and have ex- 
cited general admiration wherever they have been 
Been. Now it haa occurred to M. Ed. Becquerel, 
to enclose certain phosphorescent substances, such 
as sulphide of bariunij etc., in glass tubes, in 
which a vacuum has been produced by the air- 
pnmpj and to submit them in these circumstances 
to the action of M. Ruhmkorfrs apparatus. 

We have already seen that sulphide of barium, 
of strontium, of calcium, diamonds, chalk, etc., 
acquire phosphorescence when submitted to an 
electric discharge in the air ; as soon as the dis- 
charge haa passed, they glow with phosphoric 
light of short duration, just as if they had been 
exposed to the sun, or as if they had been heated ; 
for these substances are phosphorescent by hght, 
by heat, and by electricity. But when they are 
aubmitted to the rapid series of discharges of the 
induction apparatus in higkly-rnreji'^d air, that is, 
in the void produced by the air-pump, the effect 
is very striking. The substances named glow 
continuously with a vivid phosphoric light, so 
long as the diachargea continue to pass.* 

In these experiments it has been observed, that 
the glass of the tubes becomes slightly phospho- 
rescent at the same time as the sulphides. 

Quet made known in 1853 a very curious pro- 
■ 3ee Bd. Becquerel, Ann. de Cldm. It. p. 92 et lej. 
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duction of light that takeii place when water is 
being decomposed by the electric current, after 
being rendered a good conductor of electricity by 
the addition of sulphuric acid or potassa. When 
forty Bunsen^s elements are employed, the water 
is rapidly decomposed, and its temperature con- 
siderably raised, but a moment comes when the 
pl.«n J wi,» plo^Bg into fl. K,»ia ^^ 
suddenly lurmnous, and the decomposition of the 
water ceases as suddenly. In this case, when the 
water is acidified with sulphuric acid^ the light 
given out by the positive pole is red, whilst that 
emitted by the negative pole is violet. The light 
seems to encase the wires and to repel the water, 
so as to prevent its contact with the metal. 



I 
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parta of the mounting of his horse's trappings, 
emitted jets of light. 

A friend of Howard, the meteorologist, on his i 
way from London to Bow on the 19th of May^ J 
1809, during a violent storm, distinctly saw the I 
drops of rain emit light when they struck tho I 
ground. 

On the 25th of January, 1822, the miners of 
Freyburg informed Lampadiua that the gleet which 
fell during a storm emitted light when it struck 
the earth. 

There are other similar instances ; these phentHfl 
mena are evidently closely alhed to electricity. 

Waterspoutg (called by the French les tromhim), 
according to Peltier and moro recent obaervera, \ 
are sometimes observed to be luminous when they 1 
happen in the night. 

A case of luminous meteoric dnst ia also on 1 
record : — During the eruption of Vesuvius which 1 
took place in 1794, a shower of extremely fine 
dust fell in Naples and its environs. It emitted 
light which, though pale, was distinctly visible at 
night. An English gentleman, who happened to 
be in a boat near Torre del Greco about this time, 
observed that his hat, those of the boatmen, and 
parts of the sails where the dust had lodged, shed 
around a sensible luminosity. 

Shooting stars, or meteoric stones, leave allec; J 
them in the heavens a pluisphork stream of light,! 
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which often pereists for a considerable time after 
their passage (fig. 5). In hia voyage round the 
world, the Admiral de Krusenstem saw one of 
these Aerolites leave behind it in the sky a 




phosphorescent streak which persisted for a whole 
hour, without sensibly changing its place. (See 
Humboldt: 'Cosmos,' vol. i.) Phospfaorescent 
streaks left behind Aerolites not unfrequently re- 
main visible for about a minute. 

We cannot do more than mention here the 
lightning flasli,* the Aurora Boreaiis, the Zodia- 
cal light, the fire of St, Elmo, the light of fixed 

' On tliB Tflrioua tinds of Eghtning, see Anigo, "Notice lar 
le Toiinerre," mhU 'CEuTrea,'oriQtlieAnn,du BurpaudeH Lorgi- 
tadee, for tbe year 1S3S ; Fhipaon, in tho ' Conipl«!i-Ui>ndua' of 
IBAoBdem^ofSciencDaofl^ariB, April 13, 1S57; aodDu Moncel'a 
^ 'Surle'l'oimaiTDBtlfsEdaiTs.' Foria: Huhette, 1867. 
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stars or Bima, and the flame, all of wliieli doubt- 
lesB belong to our present Bubject. 

Lord Napier observed the fire of St. Elmo in 
the Mediterranean during a fearful thunderstorm. 
As he was retiiing to rest, a cry from those aloft 
of " St. Elmo and St. Anne !" induced him to go 
on deck. The maintop -gallant -mast head was 
completely enveloped in a blaze of pale, phosphoric 
light, and the other maat-heads presented a similar 
appearance. The phenomenon lasted for eight or 
ten minutes, and then became gradually fainter. 
All other descriptions of this electrical phenomenon 
coincide perfectly with the above. 

The Zodiacal light, when seen under the tropics, 
often shines with a brilliancy equal to that of the 
Milky Way in Sagittarius. In our Northern cli- 
mates, it is only obaei-ved shooting up towards 
the Pleiades in the beginning of spring, after the 
evening twibght, in the western part of the sky ; 
and at the close of autumn, hefore the dawn of 
day, above the eastern horizon. 

Some philosophers have asserted that the sun's 
light ia an effect of combustion, bke the flame of a 
common candle; but, from a compariaon of the rela- 
tive intensities of solar, lunar, and artificial light, 
as determined by Euler and Wollaston, it appears 
that the rays of the sun have an illuminating power 
equal to that of 14,000 candles at the distance of a 
foot, or of 3,500,000,000,000,000,000,000,000,000 
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candles at the distanceof'95,000,000of miles, which 
is our distance from the enn. Hence it follows, 
that the amount of light which flows from the sun 
could scarcely be produced by the daily consump- 
tion of 700 globes of tallow, each equal to the Earth 



It does not follow that bec»use planetary bodies 
filiine principally by borrowed light, that they do 
not possess also a certain amount o? plto8j}horic 
Inminosiiy. Some modem philosophers are in- 
clined to believe that our earth itself has a peculiar 
phosphoric light of its own : — 

" The extraordinary llghtnesB of w}iole nights in 
the year 183 1," says Alex, von Humboldt, " during 
which small print might be read at midnight in 
the latitudes of Italy and the noi'th of Germany, 
is a fact directly at variauce with all that wo know 
according to the moat recent and accurate re- 
searches on the crepuscular theory and the height 
of the atmosphere." (Cosmos, i. 133, 13-t.) And, 
again in the same beautiful work (p. 167), when 
speaking of the Aurora Borealia : — " This beautiful 
phenomenon derives the greater part of its im- 
portance from the fact that the earth becomes 
self-luminous, and that as a planet, besides the 
light which it receives from the central body the 
Sun, it shows itself capable in itself of developing 
Hght." The intensity of the light thus diffused is 
often superior to that shed by the moon in her 
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first quarter. " Occasionally, as on the 7tli January, 
1831, ■ printed characters could be read without 
difficulty." Indeed, the intensity of the Northern 
or Poliir light is sometimes very great ; and 
Lowenom assures us, that on the 29th June, 1 786, 
he recognized the coruscation (trembling motion) 
of the Aurora BoreiiJia in bright aunBhine. 

Some splendid manifestations of the Aurvra 
Anstrali)!, or Southern light, were witnessed by 
Captain J. Boss in his voyage to the South Pole.* 
These Southern lights have often been seen in 
England by Dalton, and Northern lights have been 
witnesaed in the Southern hemisphere — 14th Ja- 
nuary, 1831 — as far as 45 degrees latitude. 

It has been shown, by many experiments, that 
the electric light, whatever bo its source, does not 
show any signs of polarization. Now this has been 
lately proved to be the case with the light of the 
Aurora, which shows no polarization, according to 
Mr. Bankine ; but when it is viewed reflected from 
the surface of a river, polarization is detected, 
— which proves that in the former case the want 
of polarization is not owing to the weakness of 
the Aurora observed. 

A curious phenomenon was noted by Admiral 
Wrangel, when he was on the Siberian coast of the 
Polar Sea. He observed, that during an Aurora 

• The Auroiii Aiutralit wna seen for the firit time bj Captain 
Cook in his first vojage, and again in lui Bucond vojaga. 
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Borealis, certain portions of the heavens which 
were not iUuminated, lit up and continued Inmi- 
nouB whenever a shooting' star passed over them. 

M. Colla, formerly director of the Observatory 
of Parma, has often observed, since 1825, a sin- 
gular light in the northern sky, like a zone of 10 
or 12 degrees, parallel to the horizon, often of a 
yellow colour, and most intense in the direction of 
the magnetic meridian. He considers it to be 
"the permanent element of the Aurora Borealis." 

That portion of the planet Venos which ia not 
illuminated hy the 8un often shines with a phos- 
phorescent light of its ouni. 

Towards the latter end of June, 1861, the 
earth passed through a region of the heavens, 
then occupied by a portion of the great comet of 
that year. On this occasion Mr. Hind, Mr. Lowe, 
and others, observed a peculiar phosphoric glare 
in the atmosphere. It was remarked by many 
persons as something unusual. 

That portion of the moon which ia not il- 
luminated by the solar rays shines with a grey 
light of its own, called by the French IitmHre 
Mindree. This is generally attributed to the hght 
thrown upon our satellite by the Olurainated por- 
tions of the earth ; but it may be tliat the moon 
possesses phosphorescent quahties like other ce- 
, lestial bodies. 

Doubtless other planets possess similar phos- 
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phorescent properties : — " It is not improbable/* 
says Humboldt, "that the Moon, Jupiter, aad< 
comets shine with an independent light besidesJ 
the reflected, solar light, visible through the po-'V 
lariacope," 

We cannot do better than quote the following J 
passage also, by the same author : — 

"Without speaking of the problematical, but 
yet ordinary mode in which the sky ia illuminated 
when a low cloud may be seen to shine with an 
uninterrupted flickering light for many minute 
together [see further on], wo still meet with othot 
instances of terrestrial development of bght h 
atmosphere. In this category we may reckon tho* 
celebrated himinoua mists seen in 1783 and ]831;a 
the steady luminous appearance exhibited withoal 
any flickering in great clouds observed by Hoziearl 
and Beccaria; and, lastly, as Arago well remarkl 
the faint diffused light which gitiden iJie ittep's of ti 
traveller in cloudy, starless and moonless night 
in autwmn and winter, even when there isno s: 
071 the f/roiind," 

Indeed, any attentive observer of Nature may 
assure himself that in the darkest nights of winter, 
at the hour of midnight, when the influence of 
solar light is altogether withdrawn from the at- 
mosphere, and in the absence of moonhght, a 
sufficient quantity of light is always difl'used to 
render objects around us faintly visible, and to 
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us to walk without hesitation in any open 

Let the heavens be overcast, let the stars be 
[chidden by an imbroketi mass of clouds, and still a 
Bnfficiency of light will be diifused in the open 
country to prevent the difficulty and inconve- 
nience which would attend any attempt to walk 
»iii a dark cave, or in an apartment the shutters 
of which are closed. 
It appears to me that the atmosphere and the 
clouds themselves act in these cases hke the 
'phosjilwri spoken of in a previous chapter. Being 
^- .exposed to the light of the sun the whole day 
^H long) it is very probable that they emit a phos- 
^■phorescent light like the Bologna stone, for in- 
^Hstance, when the Sun's rays are withdrawn from 
^K'themj and moreover, that this phosphorescence 
^^knay, in certain ciroumstances, assume an extra- 
ordinary intensity, as we shall see by some of the 
following examples. 

Here are the accounts hy Eozier and Beccaria, 
alluded to above ; — 

Rozier states that, being at Beziers, in France, 
■on the lath August, 1781, at a quarter before 
in the evening, the sun having gone down 
Itand the sky overcast, thunder was heard. At five 
Iminutes past eight, the storm having attained its 
Iheight, Rozier observed a luminous point above 
B brow of a hill fronting his house ; this point 
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gratlually augmented in magnitude until it t 
sumed the form and appearance of a phosphoric 
zone subtending at his eye an angle of about 60 
degrees, measured horizontaUj, and baviug tb© 
apparent height of a few feet; above this was ft J 
dark band, and then again another zone of li^ht..j 
These luminous zones of cloud were nearer thel 
earth than the storm clouds, and their brilliancy ■ 
lasted about a quarter of an hour. m 

Beccaria assures us that the clouds over biftv 
observatory at Turin frequently shed in all diree~M 
iions a strong reddish light, which was aometimea^ 
so intense as to enable him to read ordinary prinli.4 
This nocturnal luminosity was especially observedB 
in winter, between successive fails of snow. I 

When General Sabine and his crew were lyin^'JI 
at anchor at Loch Scavig, in the Isle of Stye, he I 
observed a cloud which constantly enveloped the ■ 
summit of one of the naked and lofty mountainsil 
which surround that island. This cloud whiohJ 
had been formed by the vapour precipitated neai^a 
the mountains after having been brought by tbea 
constant west winds from the Atlantic, was solf-^ 
luminous at night, not occasionally, but perma>rfl 
nently. He saw frequently issue from it jets ofl 
light, and con\'inced himself that this phenomenoftj 
had nothing whatever to do with the AuroraS 
Borealts. I 

We may add to these an observation of Nichol-fl 
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son, who states that durinf^ a atorra on the 30th 
July, 1797, at about five in the morning, certain 
clouds were observed to shine first with a red, and 
afterwards with a blue, light. 

De Luc affirms also, that one winter's night, in 
the neighbourhood of London, he observed a (mwI'I- 
nous cloud extending east and west across the 
southern meridian of the place, about 30 or 40 
degrees from the zenith. The atmosphere was 
clear but not cold, and *' there were no signs of 
electricity."* 

One of the most authentic and curious observa- 
tions of luminous fogs was lately communicated in 
B letter to M. Ehe de Beaumont by M. L. F. 
Wartniann,t of Geneva. The strange phenomenon 
was observed during nine successive foggy nights, 
"romthelSth to the 26th of November, 1859. The 
Imoon being new, was invisible and absent from 
ftthe heavens of Geneva, But a vast fog, not damp 
■!ffliough to wet the earth, but so opaque aa to 
I render invisible the borders of the river Leraan 
ind the mount Salese, hovered permanently over 
meva and its environs. This fog diffused so 
mch phosphoric light, that M. Wartmann could 
easily d^tinguish books, etc., upon hia table, with- 
* For mora ample details □□ eotne of (hcsu phenomena, see 
Bec<»ria,'Doll'Elettriciijmo terreBtre atmoBferico;' Deluc, 'Idfea 
■nr U MSUorobgie,' and Arago, in the 'Annuaire' for 183B. 
+ Conipl«H-Rundua of the Aoademj of Seieucea, Paris, 215 Do- 
L«einber, 1859, 
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out having recourse to any otlier light. Moreoverj 
he questioned a person who had gone on foot from •] 
Geneya to Annemasae, in Savoie, on the 22nd of j 
November : hs had started at half-past ten at 
night, and declared that he saw hia way the whole ] 
distance as if it had been a moonlight night, M, 
Auguste de la Rive was, that same night, at some { 
distance from Geneva, and was also surprised at 
the distinctness with which he saw his road and 
the objects around him. 

The celebrated dry fog of 1783 was described 
by M. Verdeil, a physician of Lausanne, as having 
diffused at night, a luminosity sufficifidly inteihse 
to render distant objects visible, and this light waa 
equally spread in all directions. It resembled the 
light of the moon seen through the ciouds. 

This dry fog, in which objects couJd be seen at j 
night at a distance of 600 feet, lasted a whole | 
month; it made its appearance nearly at the a 
time in many distant places, spreading from the 1 
north of Africa to Sweden; it was likewise ob- 
served over a great portion of North Am erica;, I 
but was not seen to spread over the sea. It a 
peared to reach higher than the summits of the I 
highest mountains, and neither winds nor rain ' 
had any power to disperse it. In Europe this fog 
exhaled a disagreeable odour, was remarkably dry, 
did not affect the hygrometer, and possessed the , 
remarkable jiftospAmc quality I mentioned above. 4 
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Many philosophers thought that, at this period, 
the earth was bathed in the tail of a comet. 

But in 1831 another dry fog exactly similar 
was ohservedj it did not spread so far as that of 
1783, and as it did not cover the whole of Europe, 
it was easy to perceive that no comet was present 
to cause its production. 

The origin of these dry, luminous mists, is yet 
a mystery. It may, however, be noted that in 
1 783 Calabria was visited by a terrible earthquake 
which destroyed 40,000 inhabitants ; Mount Hecla, 
in Iceland, broke out in one of its most remark- 
able eruptions, and volcanic rocks were seen to 
emerge from the sea, etc. 

It is said that a periodical dry fog, which does 
not spread over the sea, visits the eastern coasts 
of Africa with the disastrous wind called the par- 
matan; but whether it is luminous or not I can- 
not say.* 

But one of the most curious phenomena ever 
witnessed was doubtless that described as having 
been seen by General Sabine and Captain Jamea 
Ross in their first northern expedition. Being in 
the Grreenland seaa during the period of darkness, 
they were called up by the officers on deck to ob- 
serve an extraordinary appearance. Ahead of the 
vessel, and lying precisely in her course, appe^^d 

1 a dr; fog obflerred at Laadon, see my note in the 
KOomptea-E«ndus,' Farie, 1861. 
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a stationwry light resting on tlie water, and ri 
to a considerable elevation. Every other part of 
the heavens and the horizon all around the ship 
were in utter darkness. [Vide Frontispiece.) As 
tliere was no known danger in this phenomenon, 
the course of the vessel was not altered; and 
when the ship entered the region of this light, 
the officers and crew looked on with the livehest 
interest. The whole vessel was illuminated ; the 
most elevated parts of the masts and sails, and 
the minutest porliiona of the rigging, became 
visible. 

The extent of this lumdnous atmosphere might 
have been about 450 yards. When the bow of 
the ship emerged from it, it seemed as il' the vessel 
were suddenly plunged in darkness. There was 
no gradual decrease of illumination. The ship 
was already at a considerable distance from the 
luminous region when it appeared still visible as 
a stationary light astern. 

Many persons would look upon this curiouB 
phenomenon as an intensely phosphorescent mist. 
Several observations tend to prove that in these 
northern latitudes the density, and often the dry- 
nesa, of the air, contribute much to the intensity 
of luminous apparitions, especially those which 
appear to depend upon electrical actions. The 
above is the account of this phenomenon as re- 
lated in F. Arago's 'Notice snr le Tqnnerre,' 



TkB following is however that of General Sabine 
himself, which ho has kindly given me in a let- 
ter :— " Before the ship entered into the Auroral 
light, the Aurora as seen from the ship appeared 
as an arch, formed partly of an uniform yellowish 
light, and partly of vertical or nearly vertical 
streamers proceeding out of the luminous arch 
ipwards. The centre of the arch was not far dia- 
.t from the zenith, and the legs descended to- 
wards east and west points. We were opposite to 
one of the legs, and sailing towards it till we en- 
tered it. We were sensible of having entered it, 
by no longer seeing it as a distant appearance, 
id by the moment of our entrance into it being 
larked by a generally diffused light, enabling 
on deck to see distinctly men on the fore- 
! yard, who we could not see previously." 
ihip was saiUng southward, and entered the 
'estem leg of the luminous arch. 
At the meeting of the Literary and Philosophical 
iciety of Manchester on January 31, 1861, Mr. 
:eiidell stated that many of the fogs observed 
ng that winter were luminous. Mr. Crosse 
other observers have found foga to be highly 
setrical. 

will place here a passage from a Bmssels cor- 
.pondent, who writes in 1860 : — 
On looking out of my bedroom window at two 
'clock on the morning of the 25th January, I 
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perceived the shy to he very lir/Jd, inaomuch that X4 
could discern the buildings and other objects. Thei 
wind blew in freah gales from W.S.W., barome-B 
ter below ' tempest,' and thermometer about ^l".! 
I have only once seen this luminosity before," 

Loch Scavig appears destined to become cel©« 
brated for luminous phenomena. Beaidea the~ 
phosphorescent cloud seen there by General Sa- 
bine, my friend Mr. T, K. Edwards tells me of 
another curious case of a luminoua meteor seen 
in the same locality. It was in the month of 
September, 1852 or 1853, and the phenomenon 
was observed about eight o'clock in the evening. 
He was being rowed by four stout men from 
Torrin, in the Isle of Skyo, to one of the oppo- 
site shores. On entering Loch Scavig the boat 
containing Mr. Edwards, his friend Mr. Raymond, 
four boatmen, and a guide, steered across the 
little bay situated on their right, when a light 
was distinctly seen at n great distance to the sea- 
ward. At first it appeared like the light from the 
cabin window of a steamboat being near to the 
enrface of the water, and moving with great ra- 
pidity towards them. The four men at the oars 
noticed it with evident alarm, and spoke hurriedly 
to each other in Gaelic. When the guide was 
asked what they were talking about, he answered, 
" About yon light ; it's no canny thing, neither." 
The rapidity with which the light moved, and its 
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proximity to the boat after a few s 
elapsed, fully convinced every one that it t 
to no boat ; besides, as the guide remarked, " no 
bird could fly so quick," It appears that this phe- 
nomenon, which I beheve to have been globular 
lightning, is not unprecedented in the neighbour- 
hood of Loch Scavig; for though the four oarsmen 
had never witnessed it before, they had heard it 
spoken of on the land aa betokening evil, and were 
so much afraid of it that they pulled the boat along 
most lustily. The light curved ofl' and was soon 
lost to sight, Iiaving been in view and indeed very 
near to the boat, for about two minutes. The 
next day was extremely sultry. 

This kind of traveUing bght reminds us of some 
descriptions of Will -o'- the- Wisp ; but besides be- 
ing seen over the sea, its resemblance to the light 
of a ship (though it is quite evident no ship or 
boat carried it), and the extreme sultriness of the 
next day, makes me think that it is more probably 
albed to those carious cases globular lightnivg. Our 
travellers in the boat may not have noticed the 
sultriness of the air whilst on the water, but only 
remarked it the next day, and the men at the 
oars might have heard of the disastrous effects of 
globular lightning. 

A similar light, but a fixed one, was observed 
fFei, in 1713, and the phenomenon recorded 
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f F. Arago : — It was during a ] 



of 
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rain on the 10th of September. He took shelter 
in the Chateau de Fosdinovo (in the province of 
Massa- Carrara, in Italy), and was standing -at a 
window on the ground-floor, when a bright bght 
appeared upon the pavement. Thia light, which 
in colour appeared to be white and blue, was very 
nnateady or vibrating, bub had no progressiva • 
motion ; it disappeared as it had made its appear- 
ance, that is, suddenly, but not until it had ac- 
quired a great size. The moment it vanished, 
Maffei felt a shghb itching on his shoulder, a little , 
plaster fell from the ceiling of the room, and a 
cracking noise was heard, very different from that I 
of thunder, 

A flame which rose from the ground and \ 
maintained itself at three feet from the floor (n V 
the church St. Michel, at Dijon, was noticed by I 
the Abb^ Richard, on the 2nd July, 1750. Thin I 
flame rose afterwards to twelve or fifteen feet in 
height, increased considerably in volume, and dis- 
appeared near the organ of the church with a loud 
explosion. 

These phenomena are evidently allied to atmo- 
spheric electricity, as they manifest themselvea I 
during atorma; but F. Arago distinctly states'] 
{'Annuaire,' 1838, p. 371): "it appears that great 'I 
luminous meteors, similar to Hghtning in their I 
nature, show themselves sometimes at the s 
of the globe, even whmi the shj does not appeal 



' Such was the case on the -ith November, 
' 1749, in 42° 48' latitude north and 11|° longitude 
west of Paris i a few minutea before mid-day, and 
in perfectly serene weather, a large bluish globe 
of fire rolled up to the ship the ' Montague,' and 
exploded, shattering one of the maata. This globe 
of fire appeared as large aa a millstone. A strong 
"sulphurous" odour waa perceived in the ship 
for some time afterwards. The light described to 
me by Mr. Edwards appears to have been some 
such phenomenon, and had he and his companions 
seen the end of it, the fears of the boatmen might 
have been realized. 

Detailed accounts of similar electric meteors 
may be foreign to the subject of the present work, 
though electricity plays, doubtless, its part in all 
phosphoric phenomena; but I have endeavoured 
in these pages to notice, however briefly, eeery 
known source of terrestrial light, for it is not in our 
power, in the present state of science, to restrict 
phosphorescence to a limited number of pheno- 
mena. 

I must now say a few words on that beautiful 
and mysterious production of hght known as the 
I'O' -tlm-WispoT Ignis fatuua ffeux follets of the 
ach). 

hia phenomenon is generally attributed, by 
lemists of the present day, to the spontaneous 
lammation of phosphm^etted hydrogen gas. It 
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is well known that one of the gaseous con 
of phosphorus and hydrogen takes fire 
aa it comes in contact with atinospheric air; and 
it ia supposed that in certain circumstances the 
putrefaction of animal matters, containing phos- 
phorus and sulphur, besides the four elements 
carbon, hydrogen, nitrogen, oxygen, and phos- 
phate of lime, is accompanied by a production of 
this phosphuretted hydrogen gaa. Wlll-o'-tke- 
WUp is observed in boggy lands, and where it is 
seen some animal or perhaps an unlucky traveller 
has been swallowed up in the mire. 

The " corjine-candle" of the Welsh, which flickers 
over chorchyarda, ia attributed to the above cause, 
and the same may be said of that raysterions pro- 
duction of light which occasionally takes place in 
dissecting room.B. 

But no chemical experiment, made with organic 
matters, has yet been brought forward to prove 
the production of phosphuretted hydrogen, with evo- 
lution of light by submitting these matters lo the 
process of putrnfacHon. Indeed, I have shown, as 
will be stated in a fiiture chapter, that the phos- 
phorescence of dead fish does not appear to depend 
upon the presence of the chemical element phos- 
phorus. 

If, however, it were placed beyond doubt that 
the phenomenon of the Will-o' -Ihe-Witip or 7 
faluiis, depended upon the production and b 
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taneoiis inflammatioa of pliosphuretted liydrogen, 
it could not be classed among phenomena of 
phosphorescence any more than the flames of 
certain fire-springs in the East, which arc owing 
to the combustion of carburetted hydrogen or 
naphtha, and aome of which, like the famous 
Lycian Chimera, in Asia Minor, hare been burn- 
ing for several tliousand years. 

From some very interesting arguments brought 
forward in the last edition (in one volume) of 
Kirby and Spence's ' Introduction to Entomology,' 
it would appear probable that some cases of ignis 
fatu.itB might be attributed to certain luminous 
insects not yet known, which hover in cluetera 
over marshy ground. These insects seem to be- 
long to the genus Tipula (Gnat, " Daddy -Long- 
legs," etc), if we are to judge from the hovering 
appearance of the light. Thus Dr. Derham, iu the 
'Philosophical Transactions' for 1729, describes 
an igni» fatuva, seen by himself, as flitting about 
a thistle. 

Dr. Derham got within two or three yards of 
another -ignis fatuus, in spite of the boggy nature 
of the soil. He states, however, that it appeared 
like a complete body of light without any division, 
so that he was sure it could not he occasioned by 
insects. 

At the same time, it is evident that no inaeots 
could produce the phenomenon described by Dr. 
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Weiasenbom, in 1818, where the hght travelled 
over a distance of liaJf a mile in less than a second. 
(Mag. of Nat. Hist. n.s. i. 553.) 

From these facts, it appears probable to modem 
pliiloaophers, that there are two kinds of ignea 
fntv-L, the one referable to apontaneously inflam- 
mable g'aa, the other to luminous insects. 

If phosphuretted hydrogen, or any other spon- 
taneously combustible gas or liquid, caught fire 
upon a marsh where carburetted hydrogen (marsh 
gaa) is constantly evolved, the latter would in- 
flame also.* 

In the valley of Gorbitz, Mr, Blesson discovered 
a light emanating from marshy ground. Remain- 
ing for some days near the place, in order to study 
the phenomenon as olosely as possible, he found 
it was owing to an ignited gas, the faint flame of 
which was invisible during the day, but became 
gradually visible in the evening. The gas appears 
to have been carburetted hydrogen, or marsh gas. 
As be approached it, the tiame receded, but he 
eventually succeeded in lighting a piece of paper 
by it. 

According to some authors, Will-o'-tite-Wisp 
may be seen at all seasons of the year; but a great 



• At Wigmore, in Herpfordnliire, anil otlier pl«w 
carburetted h^drt^BD used to bo so abundant in the ground that 
it wtu emplayod for lighting and cooking in Vbe houtce, sb we 
learn from travL-Uen is a common practice in CbioB. 
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ruber of persons I have questioned upon the 
subject all agree in stating that they have noticed 
it in autumn, or towards the end of autumn, and 
the beginning of November. It cannot be termed 
a common phenomenon, aa many distinguished 
naturalists have never been able to observe it; 
it is not unfrequent in the north of Germany, and 
is often witnessed in the peat districts around 
Port Carlisle, in the Lowlands of Scotland, and in 
the swampy parts of the South of England, etc. 
It was seen by Mr. Warltire, in a very curious 
form, on the road to Bromsgrove, about five miles 
from Birmingham, as noted by Dr. Priestley in the 
Appendix to his third volume of ' Experimenta and 
Observations on Air.' The time of observation 
was the 12tb December, 1776, before dayhght. 

Some countries are very remarkable for this 
curious phenomenon ; for instance, the neigbhonr- 
bood of Bologna, in Italy, and some parts of 
Spain and Ethiopia. According to an account 
left us by M. Beccari, an intelligent gentleman 
travelHng in the evening, between eight and nine 
o'clock, in a mountainous road about ten miles 
South of Bologna, perceived a light which shone 
very strangely upon some stones on the banks of 
the Eio Verde. It appeared as a parallel opiped 
of light, about a foot in length, and two feet above 
the stones. Its light was so strong that he could 
plaiuly see by it part of a neighbouring hedge and 
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the water of the river. On exarDining it a little 
nearer, he was surprised to find that the light be- 
came paler, and when he came to the place itself, 
it quite vanished. No sviell or other mark of fire 
Was observed at the place where thia light shone. 

Another gentleman informed M. Beccari that 
he had seen the same light five or six different 
times, in spring and autumn, always of the same 
shape, and in the very same place. 

Dr. Shaw, in his 'Travels totheHoIy Land,' states 
that an ignis fatuus appeared to him in the val- 
ley of Mount Ephraim, and attended him and his 
company for more than an hour. Sometimes it 
appeared globular, at others it sj^reaii to sunk a 
'degree as to involve ihe whole company in a pale, 
inoffengive light j then contracted itself, and sud- 
denly disappeared, hut in less than a minute it 
would appear again; sometimes running swiftly 
along, it would expand itself at certain intervals 
over two or three acres of the adjacent mountains. 

Dr. Priestley has given an account of what some 
look upon to have been an artificial WiU-o'-llw- 
wisp. A gentleman, who had been making elec- 
trical experiments for a whole afternoon in a small 
room, on going out of it, tilxuriuid a Jlame follow- 
ing him at some little distance. In this case, how- 
ever, there seems to have been a ditference between 
the artificial ignin fatuus and that met with in 
nature^ for the Same followed the gentleman as 
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lie went out of the room, but the natural pheno- 
menon generally recedes as we approach it. 

It is a common practice, in chemical lectures, to 
imitate the WilUo^'the-wisp by throwing fragments 
of phosphuret of calcium into water, when flames 
arise^ owing to the spontaneous combustion of 
phosphuretted hydrogen gas. But the imitation 
is very bad indeed, and can liardly be said to 
resemble the mysterious natural phenomenon, 
much less explain it. For my own part, I think 
the ignis fatuus to be sometimes the light from a 
burning gas, which light is invisible in the day- 
tiime^ and at other times to be connected with 
those curious cases of luminous mists mentioned 
above, and in which electricity doubtless plays an 
important part. 

The luminous appearances known in Scotland 
^s Elf 'Candles belong either to this category of . 
phenomena, or to that which will be treated of in 
a future chapter of this Work. 



CHAPTER VII. 

INViaiBLE PHOSPHOBESCENCE, 

I HAVE given the name of Invisible PhosphorsB- 
cence to some curious phenomena discovered by 
my ingenious friend M. Nifepce de St. Victor, 
who communicated them to me with much kind- 
ness before they were pubbshed. During latter 
years he has, however, addressed to the Academy 
of Sciences, at Paris, a number of notes and papers, 
in which his experiments are detailed,* The basis 
of them all was the following interesting obser- 
vation : — 

M. NiSpce discovered that if an engraving be 
exposed for some time to the snnbght, and then 
taken into a dark room, and placed upon a sheet 
of photographic paper prepared with chloride of 
silver, an impression of the engraving is produced 
in a very short space of time upon the paper. This 
experiment was immediately tried with a great 
variety of substances, such as white porcelain with 
• ' Comples-Rendui' from 1857 to tho prcBcnt tin 
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I tiack figures, wood, linen, cardboard, marble, 
t etc, and always with the same result. In every 
I experiment, an impression was left on the photo- 
i graphic paper in the dark, and this experiment 
I was clearly proved to be owing to the action of 
1 Ught alone; no cliemical agent whatever to which 
VBUch a phenomenon might be attributed, entered 
I, into these experiments. 

It was soon perceived that certain substances 
I Beemed to poasesa, as it were, " a greater affinity 
r light than others," and, as M, Niepce used to 
I say, "seemed to become, during their exposure 
Ito the sun, more saturated with light than others" 
I in tho same space of time, and, consequently, acted 
I with greater intensity on the photographic paper 
|.in the dark, 

A step more, and my friend had actually "bot- 

I tied Dp light," to use his own expression. A sheet 

fOf cardboard, inabibed with a solution of tartaric 

cid or a salt of uranium, was rolled into a cylinder 

■And placed inside a tin tube, open at one end, so 

B to line it. The tube was then exposed to the 

ight, with its orifice towards the sun. After a 

•certain time had elapsed, from a quarter of an hour 

{ito about an hour, the orifice of the tube was her- 

letically sealed up. If such a tube be taken into 

k dark room, opened, and its orifice placed upon 

t sheet of photographic paper, iu a very short 

me the impression of this orifice is left upon the 
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paper. I have seen tabes of this kind that had .] 
been prepared and corked up for a week, a fort-i 
night, and some that had even been closed np foPB 
months, after their exposure to light, and all left 1 
the impression of their oriBces upon the photo- 1 
graphic paper, as if the paper in the tube had J 
been' acted upon only a few seconds before. But I 
the impression is not so intense when the tube'f 
has been kept closed for a long period of time. 

These effects are owing probably to a pheno- I 
menon of phosphorescence, and, if so, they provtf 
evidently that all bodies possess this property tofl 
a greater or less extent, depending upon the I 
nature of the substance examined. Luminous 'i 
vibrations, which constitute phosphorescence, ara I 
hereby shown to exist when we cannot perceive I 
them : their presence is made known by the pho-- 
tographic paper when the eye is not able to disceru'l 
them. These luminous vibrations persist, also, fcHSI 
a period of time which is much longer than any^fl 
one would, at first, be inchned to suppose. 

In a recent paper, M, Ni^pce says : — " I hav» ■ 
repeated my former experiments of shutting up! 
light in tubes, employing in these experiments^ 
cardboard imbibed with a salt of uranium, or with 
tartaric acid. The results have been far more 
surprising than before. I expose to sunlight a 
sheet of cardboard saturated with tartaric acid or 
with a salt of uranium, after which 1 roll my card- 
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"board into a metallic tube, bo that it lines the 
latter. I close the tube, and after a very long . 
period of time I prove, by opening it, that the 
cardboard acta upon salts of silver as perfectly aa 
it did the day it was prepared. At the ordinary 
temperature, this action becomes manifest only 
after a period of twenty -four hours ; but if, after 
opening the tube, a few drops of water are thrown 
into it, and it be then closed again, and heated to 
forty or fifty degrees (centigrade), on re-opening 
the tube, and applying its orifice to a photogra- 
phic paper, an impression is produced upon the 
latter in less than five minutes. This experiment 
only succeeds once, as if the photographic paper 
had absorbed all the light out of the tube ; and to 
produce a second impression, the cardboard must 
bo again exposed to light."* 

This shows that heat and cheraical action, have 
an influence in these phenomena, and we know 
that this is very generally the case in phenomena 
of phosphorescence. 

Mr. Draper, in his ' Human Physiology,' p. 288, 
describes an experiment which ia closely allied to 
the above : — If a sheet of paper, upon which a key 
has been laid, be exposed for some minutes to the 
sunshine, and then instantaneously viewed in the 
dark, the key being removed, a fading spectre of 

• This passDge is not entirely in M. Niupoe'e own worfa, but 
P I condensed it from his puper for the English press iu 1853. 
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the key will be visible. Let this paper be put 
aside for many months where nothing can disturb 
it^ and then in darkness be laid on a plate of hot 
metal^ the spectre of the key will again appear. 

In the cases of bodies more highly phospho- 
rescent than paper, the spectres of many diflferent 
objects which may have been laid on in succession 
will, on warming, emerge in their proper order. 



PART II. 

EMISSION OF LIGHT BY VEGETABLES. 
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CHAPTER I. 

PHOSPHORESCENCE IN PHANEROaAMIC PLANTS. 

The phenomenon of phosphorescence has, up to 
the present time, been very little observed in the 
vegetable world. 

I have collected, not without much diflSculty, 
all the observations upon this subject which ap- 
pear to me worthy of confidence. Luminous 
plants are probably numerous, though few have 
been observed hitherto, and the observations we 
possess are somewhat scanty and uncertain. 

The first discovery of a light-emitting vege- 
table is attributed to the daughter of Linnaeus — 
a young damsel who was fond of setting fire on a 
dark summer evening, to the inflammable atmo- 
sphere which envelopes the essential-oil glands of 
certain Fraadnella, an experiment with which the 
learned Francois Arago was quite as deKghted as 
the daughfer of Linnaeus. 

A curious fact strikes us here : the first obser- 
vation of vegetable phosphorescence was made 
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by the Swedish maiden on an orange-eoloure 
flower — that of the garden nasturtium [Tropt 
lum majus, fig. 6) ; and most caaea of plant phtM 



pliorescence hitherto recorded have been observ 
upon flowers in which the orange and yello*! 
tints predominate. Indeed, whether we considei 
phosphorescence in the mineral, the vegetable, a 
the animal kingdom, whether we take into con>^ 
sideration the colour of the substance ■ 
sbinee or that of the light produced, we ar 
cibly led to notice that of all the colours of the 
solar spectrum, the yellow and orange tints appei 



I 
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to be connected in an extraordinary manner witli 
these phenomena. 

Seated one sultry summer evening in a garden, 
the daughter of the illustrious naturalist observed 
with surprise certain luminous radiations emitted 
by the flowers of a group of nasturtiums. This 
curious observation was made more than once 
during twilight in the months of June and July, 
1762. The girl lived long to tell her wonderful 
tale.* 

The same phenomenon has been witnessed by 
other naturalists, but almost excluaively on yellow 
or orange -coloured flowers. Thus, it has been 
seen, we are told, in the corolla of the sunflower 
[Helianthus annuus), in the garden marigolds 
{Gahndula), in the two species of Tagetes (which 
the French botanists call the Rose d'Inde and the 
(Eillet d'Inde). Phosphoric light has also been 
seen to bo emitted from the flowers of the Tu- 

Mra. Loudon, in her 'Imdiea' FlowerGBrden,' p. 116, saja; — 
turious diacOTsry was made reapucting tliia plant (IVopiEo/KBi 
mnj'iu, h.) b; ono of tha daughtora aC Linnffius, who died lately 
Bt the advanced age of ninety-six. Tliia lady, in tlie year 1T6S, 
observed the T, raajui, or garden Nasturtimu, to emit ipartt or 
Jtmhei in the morning before ennrise, during the months of June 
and Jnlj, and also during twilight in the evening, but not after 
total darkness eame on. Similar flashes hnvo been produced by 
other flowers, and it has been obaerred that thejare alwajamOBt 
brilliant before a thunderstonn." See also Paiton's Msg. of 
Botanj, vol. ii. p. 195. It has been asaorted that certain floirera 
alwayit emit liglit at the periods of floration and fecundation. 
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berose, different varieties of Nasturtium, tlie Yel- 
ov! Lily, and some other plants. 

The Swedish natural! at J Professor Haggem, per- 
ceived one evening a faint flash of light repeatedly 
dart from a marigold (fig. 7). Surprised at such 




an uncommon appearance, he resolved to examine 

it with attention, and, to he assured that it was no 
deception, he placed a man near him with orders 
to make a signal at the moment when he ob- 
served the light. They both saw it constantly at 
the same moment. The light was most brilliant 
Upon marigolds of an orange or flame colour ; but 
scarcely visible on pale ones. The flash was fre- 
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[qnently seen on the same flower two or three 
times in quick succession, bnt more commonly at 
intervals of several minutes; and when several 
flowers in the same place emitted their light to- 
gether, it could be seen at a considerable dis- 
tance. This phenomenon was remarked in July 
and August at sunset, and for half an hour, when 
the atmosphere was clear ; but after a rainy day, 
or when the air was loaded with vapours, nothing 
of it was seen. The fact of this phenomenon only 
occurring when the air is dry, leads us naturally 
to presume that it is connected with electricity. 
The following flowers were observed by M. Hag- 
gem, to emit flashes more or less vivid, in this 
order : 1. The marigold (Calrnditla officinalis, 
fig. 7). 2. Monkshood, or garden nasturtium {Tiv- 
preoluin mo/w-s). 3, The orange lily [Lib'um hulhi- 
/er)(m, fig. 8). 4. The French and African mari- 
golds (Tatjetes pafnla and T. ereda). 

To discover whether some httie insects or 
phosphoric worms might not be the cause of this 
emission of hght, M. Haggem carefully examined 
the flowers with the microscope, but no animal 
organisms were found. The rapidity of the flash 
seems to indicate that electricity has something to 
do with the. phenomenon. The same philosopher, 
after having observed the flash from the orange 
^y, the anthers of which are a considerable dia- 
mce from the petals, aasured himself that tho 
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light proceeded fi'om tlie petals. But as it is well 
known tbat when the pistil of a flower is impreg- 
nated, the pollen bursts away hy the elasticity of 
the anthers, and may be to a certain extent elec- 




trified, M. Haggem thinks that this emission of 
light by flowers is electrical, and that it is caused 
by the pollen which, in flying off, in scattered 
upon the petals. Whatever we may. be inclined 
to think of this theory, the observations of M, _ 
Haggem are exceedingly interesting. 

The latest, and at the same time most authentl 
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■ ■ebBervation of luminovs floipers that has been 
f mode, ia the following : — 

On the 18th of June, 1857, about ten o'clock 
I in the evening, M. Th. Fries, the well-known 
j Swedish botanist, whilst walking alone in the 
f Botanic garden of Upsal, remarked a group of 
I jxjppies {Fajiaver ori-entale), in which fhmc or 
tfovr flowers emitted Htfle flanlies of fight. Fore- 
1 warned as he was by a knowledge that such 
things had been observed by others, he could not 
help believing he was suffering from an optical 
illusion. However, the flashes continued showing 
themselves from time to time during three-quar- 
ters of an hour. M. Fries was thus forced to be- 
lieve that what he aaw was real. The next day, 
observing the same phenomenon to re-occur at 
about the same hour, he conducted to the place a 
person entirely ignorant that such a manifesta- 
tion of light had ever been witnessed in the vege- 
I table world, and without relating anything con- 
I oeming it, he brought his companion before the 
[ group of poppies. The latter observer was 
1 in raptures of astonishment and admiration. 
I Many other persons were then led to the same 
f qjot, some of whom immediately remarked thtit 
the fiowere were throwing out flames. 

Some days later, on the 23rd of June, the wea- 
having become warmer, fourteen persons 
n witneased the little flashes of light on the 
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flowers, not only of Papaver orientale, but algfi 
on those of the lily, Liliiim bulhiferum. And bet 
fore the phenomenon had ceased, upwards of t 
hundred and fifty persons had been astonishac 
and delighted with this singular case of phot 
resceuce. 

In the flowers observed by the daughter of 
LinniBus, the phosphoric light produced was not 
continuous j it manifested itself in Bickerings or 
sparks, which were shot out from the corolla, and 
resembled somewhat those given by an electric 
machine. Other observers agree with these state- 
ments, and remark that the plants in question are 
most luminous on calm sultry summer evenings 
when tlie air is highly charged with electricity, 
and have never been noticed to emit light when 
the atmosphere is very damp. J 

In the phenomena remarked by Fries, the phosal 
phorescence of the flowers always occurred be- ■ 
tween the hours of a quarter past ten and a quar- 
ter past eleven in the evening. The weather waa 
warm and sultry, and the luminous phenomenon 
was best observed by looking at a group of 
poppies without fixing the eyes upon any one 
flower in particular. 

But the euiission of light by phanerogam 
plants is not limited to the flowers. Some nata-l 
ralists assure us that the leaves of (Enothera 
eroeurpa, an American plant, exhibit jiliosphot 
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I Ughi wten the air is highly charged with electri- 

Icity. 

The latex or mitky juice of some vegetables 

I "becomes phosphorescent TThen it ia rubbed upon 
paper, or when it is heated a httle, Thia ia ex- 

' tremely remarkable iu JHuphorbia phusjihorea, & 
Srazilian apeciea, which I bebeve has also been 
met with in Asia. If its stem be broken, and the 
milky juice which exudes be drawn over paper, 
characters are ohtwtned which appear luminous in 
the dark. It is to M. Martina, of Montpellier, 
that we owe the discovery of the phosphoric pro- 
perty of thia plant. 

An emission of light baa also been observed in 
a plant closely aUied to the Palm family, and 
which belongs to the genua Pandaniis, The rup- 
ture of the spatha which envelopes the flowers of 

' this genus of plants, is accompanied by a loud 

I cracking noise, and a spark of light. 

The common potato in a state of decompoai- 

I tion sometimes emits a most vivid light, sufficient 
to read by. This fact was remarked some time 

1 ago by an officer on guard at Straaburg, who 

I thought the barracks were on fire, in consequenct 

. of the light thus emitted from a cellar full of 

I potatoes. This phosphorescence resembles that 
of stale fish, but it is perhaps attributable to the 

I same cause as that of decayed wood, treated of in 

k the next chapter. 



CHAPTER II. 

PH08PH0R1SCENCE IN CaYPTOGAinO PLATTrt^^ 
AKD EMISSION OF LIGHI FEOM DECAYED | 
WOOD. 

Phosphorescence has been rather more frequently I 
observed in Cryptogams tlian in Pha 

An emission of light has been obserred in a I 
pretty little plant belonging to the family of I 
Hepaticre, which grows chiefly upon schists, and T 
resembles in miniature the royal fern [Osr, 
regalia). From these two circumstances, ■ 
plant in question has been named Schistostegai^ 
oemundnfen (fig. 9), When this plant germinates, 
it gives birth to numerous confervoid filaments, 
which shine in a semi -obscurity with a very sin- 
gular luminosity. 

Unger has observed, however, that spiders' webs- 1 
present veiy nearly the same appearance, and tliii I 
circumstance has led some naturalists to believe \ 
that the shining property of Sckisfofefja dsmnn- | 
ilacea may probably be nothing more than i 
fleeted light. 
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In the great family of Fungi, many cases of 
phosphorescence have been accurately observecl, 
especially among theRhizomo-rjihre, — curious vege- 
table organisms, resembling long thin dark-co- 




loured roots {rhlzo-morpha., m form of a root), some- 
times expanding into a membraniform production, 
which are seen creeping between the bark and the 
wood of old decayed trees (willows, oaks, poplars), 
or shooting down into dark holes, into damp cre- 
vices, etc. 

The white, flocconona extremities which consti- 
tute the myoelmin of the species known as R, svb- 
ierranea (fig. 10), observed not unfrequently at the 
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bottom and on the walla of dark damp mines otM 
moist caverns, on old decayed humid towers, eto.» 
evolve a tranquil phosphoric light, which so 
times attracts attention by its intensity. 




The phosphorescence of R. eubterranea is fre- 
quent in coal mines, and has been many times 
observed near Dresden, Coanseltor Ehrman has 
spoken \vith enthusiasm of its pleasing effect in 
these lone and desolate places. Having once de- 
scended into one of the Swedish mines, he saw 
these "vegetable glowworms" gleaming along its 
walls or shining in some obscure recess. 

Caverns in the granitic rocks of Bohemia are 
often beantifully decked with this luminous cryp- 
togam, and I am told that our English coal-mines 
occasionally exhibit, by its aid, a light sufficiently m 
cle^ to admit of reading ordinary print. 
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I But nowhere, perhaps, ia the effect produced by 

I this ciyptogamic phosphorescence so exquisitely 

I- beautiful as in the mines of Hesse, in the north of 

I Germany, where the walls of the air galleries ap- 

I peaj- illnminated with a pale light resembling that 

I of the moonbeams stealing through narrow cre- 

r Tices into some gloomy recess. 

I Some other species of Ehizmnorpha are aup- 

I poaed to be luminous, but this is doubtfui, Heinz- 

I mann says he has remarked phosphorescence in 

I E. gubterranca and in E. tiiduhe. 

I Certain experimentalists think that the light of 

" these fungi ia more brilliant in oxygen gas than 

in the air, and that it is extinguished in those 

gases which are non-respirable j whilst others, on 

the contrary, have asserted that though hydrogen 

gag, hydrochloric acid, and nitric oxide, seem to 

put out the light of many phosphorescent fungi, 

this light is not extinguished in pure nitrogen. 

I These observations require, therefore, to be re- 

J|)eated with care. 

Phosphorescence appears to have been first ob- 
served in large fungi at Amboine, by the botanist 
Rumphius, who saw light emitted from a species 
, he has designated Fuvgvs ■ignc.ng, or firc-mush- 
foom. It was afterwards seen in the Brazils by 
mother botanist, Gardner, upon an agaric, which 
jrows on the dead leaves of the Pindoba palm, 
md which has been named Aijaficus Gardnm, 
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Mr. Gardner found these pliosph orescent fungi in j 
Brazil, bat it appears that a very large species f 
wMcli possesses similar light-emitting propertie 
is found in the Swan River colony. 

A red mushroom, Agarimx ulvirum (fig. 11), 




which grows at the foot of the olive-tree, in Italy, 
throws out during the night a blue light, which it 
Bpreads silently around. This remarkable fungus 
has been studied by M. Delille and M. Fabre. 
According to the first-named naturalist, when 
this agaric is still young, it is phosphorescent for 
many successive nights, even when it is detached 
from the tree, at the foot of which it is generally 
to be found. It begins to shine a little before 
nightfall, continues luminous during the night. 
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I ancl ceases to shine aa Boon as the sim i-iaea. 
I The same author saya that he never saw the 
I ^ganciui oleariiiH shine during the daytime, how- 
I ever dark the room in which it was kept ; and we 
I might remark upon this that fuugi only vegetate 
I st night. But M. Fabre has, more recentlyj ofa- 
I Berved that the phosphorescence of this agaric ia 
1 not intermittent, as M. Deiille supposes, and that 
lines during the day as well as by night, Ex- 
[ posureof the plant to sunlight appears to have no 
influence whatever upon the phenomenon, " and 
3 not prevent its manifestation as soon aa 
j the fungus is removed into a dark place." This 
nsj however, to indicate that the sim'a light 
I koB, in reahty, an influence upon the emission of 
light by this fungus during the daytime, and 
that the phenomenon observed by M, Fabre is 
probably a case of phosphorescence after insola- 
tion — a circumstance not to be passed over slightly, 
I as we see further on, that a similar fact has been 
r observed in the insect world. 

M. Fabre has also shown that the dampness or 
dryness of the air doea not appear to have any 
I influence upon the phosphorescence of Agarkus 
I olearMs, unless indeed the dryness is so intense 
I as to desiccate the tissue of the plant. An eleva- 
I tion of temperature, within certain limits, does 
1. not modify the phenomenon : below +9° to +6° 
I (centigrade) the light ceases, but the phosphores- 
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eence recommenpes when the teraporatnre is gra- I 
dually raised again above this point. If the plant 
has been kept for some time at freezinf^ -point, 
it loses its phosphoric property completely. A 
warmth of +48° to +50° likewise destroys this 
pecnliar property. In other respects the emission 
of light by this agaric is the same under water 
aa in the air, and pure oxygen does not appear to 
augment its intensity. No elevation of tempera- 
ture can be observed in the parts of the fungua 
which shine. H 

The phosphoric hght emitted by Agarinuf oI#™ 
arius is evolved from the head {pihus) of this 
fungus ; the lainelks of the pileua, where the spo- 
rules or seeds are accumulated, are the seat of 
this extraordinary phenomenon. 

The hijssoid fumji, which penetrate the tissues 
of other superior kinds of fungi, or into decayed 
wood, are frequently seen to be phosphorescent, 
and the light observed is generally attributed to 
the decayed wood itself. This is very remarkable 
in old willows {Saiis-) . Wood which is tender, like 
that of these willows, is often penetrated in all its 
parts by filaments of the myelium of some infe- 
rior bysBoid fiingua, by which it acquires t 
culiar fungoid smell, and becomes luminoi 
the dark. 

This light is curious to observe under the mi- ' 



croscope, i 



a dark r 
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It ia not exactly known to what species of fun- 
gus decayed wood owes its phosphoric light, but 
we can, with much probability, attribute it to the 
mycelium of a certain Tlu'Iepltora which Linnteus 
has named Byssus jjlun<phi>rca, placing it in the 
genus Bi/sms, because this illustrious naturahst 
was only acquainted with the filaments of the my- 
^neelium, and not with the entire plant. 

Agardh, who also saw the mycelium only, 
1 its filaments under the name of Myclnema 





pjioaphareum-, and other botanists have named 
them Conferva phonphoren and Avri'iuloria phos- 
phorea. At the present day the fiingus, of which 
Lttese luminous filaments constitute a part — the 
Jtaycelium — ia known under the specific name of 
Whelephora ccentlea (iig. 12), on account of the 
ine blue colour observed upon the perfect 
Lnt. 
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It is quite possible, however, that the syno- 
nyms given above refur to more than one plant ; 
it is very probable also that many byssoid fungi 
are luminous in the dark, and that this phospho- 
ric property pertains to many other cryptogams. 
Adrien dp Jussieu, in his 'Elements de Bota- 
nique,' remarks that certain kinds of wood become 
phosphorescent when they are exposed to the 
damp after they have been cut in full sap. The 
phosphoric light emitted in this case appears to 
be owing to one of the byssoid fungi just named. 

No Algw have, if I mistake not, been described 
as phosphorescent, although many whilst grow- 
ing under water reflect colours which perish al- 
most immediately when the plant is removed to 
the air. Of this class are several species of Cysio- 
seira, especially 0. eiicmdes, which, though really 
of a greenish-olive, appears when growing under 
water to be clothed with the richest phosphoric 
greens and blues, changing momently, as the 
branches move to and fro in the water. Similar 
colours, according to Harvey, have been observed, 
though in a less striking degree, on some of the 
Med Ahjd:, a-adthe genua Irida'a derives its name 
from this phenomenon. Chondras f.rispiis is ob- 
served to be occasionally iridescent, and at the 
Cape of (jood Hope Ckampia compreasa and Chy- 
hcladia Cwpetisia present very brilliant rainbow 
colours^ etc. " The cause of these brilliant co- 



CSTPTOOAMIO PLANTS. 97 

" Bays Professor Haryey, " lias not been 
particularly Bought after." 

I cannot aay these pertain to phosphoric phe- 
nomena, but I have cited the above cases on ac- 
count of their curiosity. They appear rather to 
belong to the optical phenomenon of interference. 

Experiments made with a view of investiga- 
ting the physical causes of the phosphorescence 
of decayed wood, alluded to above as owing to a 
minute cryptogamic organism, have consisted in 
placing the luminous wood into difi'erent gases, 
plunging it under water, etc. Bockman has proved 
that phosphorescent wood is as luminous in pure 
nitrogen and in a void, as in pure oxygen, and 
that its light ia extinguished even in oxygen gas, 
if the temperature be rather high ; also, that it 
remains luininous under water. This ingenious 
experimentabst has remarked that moisture ex- 
alted, to a remarkable degree, the phosphoric in- 
tensity of decayed wood, and that it appeared es- 
sential for its manifestation. 

In general a certain degree of warmth and 
moisture, combined aometimea with a peculiar 
electrical state of the atmosphere — though this 
doea not always seem essential — appear to be the 
most favourable conditions under which we ob- 
aerve vegetable phosphorescence. 
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PART III. 

ANIMAL PHOSPHOEESCENCE, 



CHAPTER I. 



EMISSION OF LIGHT BY DEAD ANIMAL MATTER. 

Ik ttia section of my work I aliall speak of the 
emission of light by dead animal matter, before 
entering upon the subject of phosphoric animals. 

It is well known that when the dead bodies of 
certain fish, more especially mackerels and her- 
rings, are exposed to the air for a short time, 
they soon become luminous in the dark. When 
they are in this state, if we merely rub the finger 
over the luminous surface of the dead fish, we re- 
cognize the presence of an oily substance, which 
renders the finger luminous, as if it had been 
rubbed upon phosphorus. 

'ITiis grease, when separated from the body of 

I the fish by means of a knife, and placed upon a 
plate of glass, continues to shine in the dark. 
When examined under the microscope, not a vea- 
tage of infusoria or other animalcule is seen in it, 

' which otherwise, as we whall see further, might 
account for its luminosity. 
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'Whan these dead fiali are placed in sea-water, 
they render it luminous in the course of a few 
A&ys, — the phosphorescence of the sea ia however 
owing to a different cause, — and the water then 
shines in a uniform manner, i.e. everywhere with 
equal intensity: if it be passed through a filter it 
continues to shine as before. These facta prove 
clearly that thia singular phosphorescence is not 
owing to any luminous animalcules. 

Water that has been rendered luminous by 
dead fish loses its transparency, becomes milky, 
and acquires a repulsive odour; in the space of 
four or five days it ceases to be luminous. 

Hulme, who has made numerous observations 
on this particular case of phosphorescence, says 
that the luminous greasy substance of the herring 
soon loses its phosphoric properties in pure water. 
Alcohol, acids, and alkalis also prevent its shining. 
Common salt and honey appear, on the contrary, 
to assist this phosphorescence. Sometimes also, 
when the latter has been extinguished by ont 
means or another, it can be brought back again 
thus, in one of Hulme' s experiments, twenty-fonr 
grammes of sulphate of magnesia, dissolved in 
twenty-one grammes of water, and mixed with 
the luminous substance of the mackerel, com- 
pletely extinguished its Hght ; but if to this mix- 
ture six times its volunae of water were added, it 
became luminous again. The same observer also 
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P remarked that tlie quantity of light produced in 
f phosphorescent putrefactions diminishes as the 
proceas of putrefaction itself advances. 

Cold prevents the phenomenon of phosphores- 
ence in dead fish, but only temporarily, for the 
light bursts forth again with its usual intensity as 
soon as the temperature becomes milder. It has 
been also seen that this phosphorescence is ac- 
companied by no production, of heat in the parts 
which shine. We have already noticed this fact 
in the mineral and in the vegetable world, and we 
shall notice it again when speaking of luminous 
animals. Boiling water and high temperatures 
destroy the phosphorescence which occupies us 
here. 

I have myself proved the exactness of most of 

, the above facts whilst studying the body of a dead 

stockfish {Raya) in a luminous condition. In a 

f abort note published in the ' Comptes-Rendus' of 

3 Paris Academy of Sciences for 1860, I have 

I shown by direct chemical experiment that no phos- 

Lphorus can be found in the luminous grease which 

l-idiines upon fish. I was at first inclined to attri- 

Ibute their phosphorescence to the presence of 

e microscopic fungi, but at present I am more 

inclined to believe it is owing to some peculiar 

organic matter which possesses the property of 

ahining in the dark like phosphorus itself. 

The bodies of other marine animals shine after 
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death, none perhaps 30 vividly as that of the Pholae, 
a molluak well known to those who reside on tlie 
coast. That this molluak was luminous after death 
was known to Pliny, who said that it shone in the 
mouths of the persons who ate it ; and among 
the modems, Reaumur, Beccaria, Marsilius, Galea- 
tua, and Montius have studied its phosphores- 
cence. 

Seccaria had the curiosity to ascertain how 
the light of putrescent fish, and that of the dead 
pholas, affected different colours, and for this pur- 
pose he placed in the light emitted, pieces of dif- 
ferent coloured ribbons. The white came out 
brightest, next to that was the yellow, and then 
the greeii; the other colours could hardly be per- 
ceived. The same experiment was repeated, with 
simitar results, on trying coloured liquids in glass 
tubes. We have here then another instance of the 
predominance of yellaw tints over the others in 
cases of phosphorescence. Indeed Sir Isaac New- 
ton, who first decomposed light into the seven 
rays of the spectrum, says, "The most luminoiis 
of the prismatic colours are the yellow and the 
orwnge ; these affect the senses more strongly than 
all the rest together." 

These experiments of Beccaria were made chiefly 
with the Pholas. A single pholaa rendered seven 
ounces of milk so luminous that the faces of per- 
sons might be distinguished by it, and it looked 
S8 if transparent. 
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Beccaria and Reaumur made many attempts to 
render the luminoaity of the phoka permanent. 
The hest result was obtained by placing the dead 
mollusk in honey, by which its property of emit- 
ting light lasted more than a year ; whenever it 
was plunged into warm water the body of the 
pholas gave aa much light as ever. 

Galeatua and Montins showed that vinegar and 
wine extinguished the light of the dead pholades; 
that a heat of 45° Reaumur (56° centigrade) ex- 
tinguished this Hght, though it had increased in 
intensity up to that temperainire, and that it could 
not afterwards be brought back again. 

Many other leas remai-kabto experiments have 
been noted by the above-named authors. 

Most saltwater fish become phoaphoreacent in 
the dark, like those mentioned above ; and con- 
cerning those which inhabit fresh water I have 
heard it stated that the ovaries of the carp have 
I been seen in a phosphorescent state. 

Mr. Canton has observed that several kinds of 
river fish coold not be made to give light in the 
I Bamo circumstances in which sea-fish became lu- 
I minous, but that a piece uf carp made water vety 
I himinoua, though the outside or scaly part of it 
t did not shine at all. 

In 1672 Boyle published a paper in the ' Philo- 
I Bophical Trausactiona,' containing observations 
I upon shining flesh. He treats in this paper of the 
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phosphorescence of a neck of veal, which shojie in I 
more than twetity places, as decayed vmod orputre- 
fyingJUh do. 

In 1 838, M. Jnlia de Fontenelle related in his j 
' Journal dea Sciences Physiques et Chimiqwes,* 
a curious case of phosphorescent light observed, j 
upon the dead body of a man. Such cases of 
phosphorescence are not unfrequent in dissecting 
rooms, but often escape observation, as neitlier 
students nor professors visit these rooms at night, 
and when a person does happen to enter them 
afler dark, the light he carries in his hand is too 
powerful to allow him to perceive the phosphoric 
radiations which often emanate from fragments of 
dead bodies lying about. 

As this chapter is devoted exclusively to the 
phosphorescence of animal matter which has lost 
its vitality, I have reserved certain observations 
concerning evolutions of hght by living subjects 
for a future one. i 

All the observations we possess regarding the l 
nature of the light emitted by dead animal matter 
coincide with those of Bobert Boyle, published as 
stated above, in the year 1672. When all the lucid 
parts of the shining neck of veal were surveyed 
at once, they made, he tells us, " a very splendid 
flhow." By applying a printed paper to some of 
the more luminous spots, divers letters of the title 
could be distinguished. But notwithstanding the I 
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TividnesB of the light, it did not yield the least 
of heat appreciable either to the touch or 
by the thermometer, 

Boyle was often disappointed in his experinieiita 
made with a view of obtaining shining flesh at 
will. The luminous neck of veal was observed on 
the 1 5th of Februaryj 1672j by one of his servants. 
Suspecting that the state of the atmosphere had 
something to do with it, he carefully noticed that 
the wind was south-west and blust-ering, the air 
hot for the season, the moon past its last quarter, 
and the mercury in the barometer at 29-,^ inches. 
The first distinct account that I meet with of 
light proceeding from putrescent flesh is that 
l' which is given by Fabricio d'Acquapendente, who 
Bays that when three Roman youths residing at 
Padua had bought a lamb and had eaten part of 
it on Easter-day, 1592, several pieces of the re- 
mainder which they kept till the day following 
shone like so many candles when viewed in the 
dark. Part of this luminous flesh was sent to Fa- 
bricio d'Acquapendente, who was then Professor 
of Anatomy in Padua, He observed that both the 
lean and the fat shone with a white kind of light, 
and that some pieces of kid's flesh which had lain 
in contact with it were luminous, as well as the 
fingers of the persons who touched it. Those 
parts shone most which were soft to the touch, 
and wliich appeared more or less translucid when 
held before a hghted candle. 
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'Hie next account of a similar appearance V 
described by Bartholin, the celebrated Danish 
philosopher, as seen at Montpelier in 1(341, A 
poor woman had bought a piece of flesh in the 
market, intending to make nse of it the day fol- 
lowing ; but happening not to sleep well that 
night, and her bed and pantry teing in the Hume 
room, she observed so much light come from theJ 
flesh as to illuminate all the place where it hungli 
This flesh was shown to many persona as 
oaity, and kept till it began to ■putrefy, when ih9\ 
light vawieked. 

After these come Boyle's observations alluded 
to above. 

It has often occurred to me that this singular ' 
production of light in dead animal matter jtrecedes 
putrefadwn ; no disagreeable amell is observed 
until the luminous appearance baa lasted some 
time. Boyle was also aware of this, for he says, 
" Notwithstanding the great number of lucid 
parte," referring to his neck of veal, " not the least 
degree of stench was perceivable to infer any putre- 
faction." 

Water does not destroy the phosphorescence of 
dead animal matter ; but alcohol, acids, etc., soon 
extinguished it. According to Boyle's experi- 
ments, a piece of shining flesh shone less, but did 
not lose its bght, when placed in the exhausted] 
receiver of an air-pump; "but," he adds, "by tl 
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basty increase of light that disclosed itself in the 
veal upon admitting the air into the oxhauated 
receiver, it appeared that the decrement, thgugh 
slowly made, had been considerable." The lumi- 
nosity of Hesh generally lasts about four days, 
after which putrefaction sets in rapidly. 

A peculiar mucilaginous substance, or mucus, 
ia sometimes seen ahont spring, on the damp 
ground near rividets or stagnant pools in the 
fields, which, from the circumstance of its being 
occasionally phosphorescent at night, has been 
regarded, since the middle ages, aa having some 
connection with shooting stars. The Belgian pea- 
sants call it " the substance of shooting stars." 

I have sketched the history of this curious sub- 
stance in the 'Journal de Mcdecine et de Phanna- 
cologie' of Brnxellea, for 1855, It was analysed 
chemically by Mulder, and anatomically by Carus, 
and from their observations appears to be the pe- 
culiar mucus which envelops the eggs of the ?ro^. 
It swells to an enormous volume when it has free 
access to water. As seen upon the damp ground 
in spring, it was often mistaken for some species 
of fungus; it is however simply the spawn of 
frogs, which has been swallowed by some large 
crows or other birds, and afterwards vomited, 
from its peculiar property of swelling to an im- 
mense size in their bodies. From the fact of this 
mucilaginous matter having been sometimes ob- 
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served in a luminous state at night, the Dutch 
and Belgian peasants imagine that it has been 
dropped upon the ground by some passing shoot- 
ing star ; and in Mulder's account of its chemical 
compositionj given by BerzeHua in his ' Rapport 
Annuel' (French edition), he distinguishes it by 
the designation of " mucilage atmosphi^rique." 

My attention was called lately to a case of lumi- 
nous urine, observed by a friend of mine, in 1859, 
during a warm summer in Paris. It was observed to 
shine with a shght phosphoric light when stirred. 
I was at first inclined to attribute this to a phe- 
nomenon of reflection, hot I find that the same 
fact was observed many years ago by two well- 
known medical men, Reiselius and Pettenkofer, 
one of whom witnessed this phosphorescence in 
November, and the other in March. It appears, 
therefore, evident that urine may become lumi- 
nous in certain circumstances with which we are 
not acquainted. The old chemist Lemery has, 1 
moreover, remarked that urine is sometimes phos- , 
phoresceut. 



CHAPTEE II. 

BMISSION OF LIGHT BY INFEEIOE OEaAHISMS. 

PHOSPHORESCENCE OF THE 8KA. 

I SBAiL uow enter Dpon the subject of Phosphoric 

Animals; i.e. of the phenomenon of phosphorescence 

in living a/nimal organisms. And in the first place 

I shall draw attention to a curious fact. With the 

exception of a few more or less doubtful cases, to 

which I shall allude at the end of this part of my 

work, the faculty of producing light seems, in the 

animal world, to cease with the class of insects. 

But, on the other hand, from insects downwards, 

there is scarcely a section of the animal world but 

[ which furnishes us with some self-luminous beings. 

' Thus decided cases of phosphorescence have been 

i 'and are frequently observed, in Infusoria, Rkizo- 

fpodes, Polypes, Echinoderme, Annelides, Medusw, 

Tunieata, Mollasks, Crust a<:ewns, Mijriapodes, and 

[ Insects. 

It would indeed require volumes to describe 
I each luminous anima! belonging to these numer- 
I ous tribes, I shall not attempt it here, but I 
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shall call attention to the most remarkable of 
them. Their zoological descriptions, i.e. their 
natui-e and habits, can be found in other works. 

A vast numbiir of these inferior organisms 
render the waters of the ocean luminous in every 
latitude. The little beings classed in the genus 
Noctiluca, which resemble the larger kinds of In- 
fusoria, but belong in reality to the class of Rhizo- 
podeg, play an important part in the illumination 
of the sea. Polypes, Medmce, a whole host of In- 
ftisoria, some Worms, and some small Crustaceans, 
contribute also to the beauty of this phenomenon. 

In the years 1749 and 1760, VianeUi and Grix- 
ellini, two Venetian naturalists, discovered in the 
waters of the Adriatic, considerable quantities of 
an animalcule evidently possessed of luminous pro- 
perties. They immediately attributed to this sin- 
gular being, the cause of the phosphorescence of 
the sea, a phenomenon which to that day had re- 
mained a mystery. This animalcule received from. 
Xiinnteus the name of N^ereis noctiluca. 

In 1776, Spallanzani was made aware of the 
self-luminous properties of a Mediterranean blub- 
ber, Pellagia pliosphorea, and at the commence- 
ment of tbe present century Viviani made known 
the following tifteen species of phosphoric animals, 
Asterias nocfihica., Cyclops exlUens, Ooimmana 
caudisetiis, 0. longieomis, 0. truncatiut, Q. lietero^^ 
elttus, Q. craesimanus. Nereis rmicronata, N. radi 
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potej Lambncus hirticauda, L. simpUdssimus, Pla- 
iiaria retusa, Brackiurits quadrwplex, andSptrogra- 
phisSpalla/nzcmii. Someof these were fonnd off the 
coast of Genoa in 1805. Scoreaby and Biville soon 
recognized other phosphorescent species, which 
they dredged from the ocean in their voyagcB. 
Macartney made known, in 1810, the luminous 
Medusa ncintilla-ng, K. liicida, and another curious 
little being closely allied to Medusae, called Beroe 
fulgens. Peron and Leaueur, in their voyage from 
Europe to the Isle of France, discovered the Pyro- 
soina Atlantioa (fig. 12 : 1, the entire animal mag- 





pig, u. 

fcjnified ; 2, the phosphorescent surface of the body, 
magnified 300' diameters), one of the most curious 
of animals. It belongs to the tribe of Tuntcata; 
each individual resembles a minnte cylinder of 
glowing phosphorus ; Eometimes they are seen 
adhering together in such prodigious numbers, 
that the ocean appears aa if covered with an enor- 
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mous layer of shining phosphorna or molten lavB.fl 
These singular productions of nature are met wit3 
between 19° and 20° of longitude east of PariaJ 
and 3° and 4° north latitude. 

The no less curious animals belonging to th* 
genus 8alj>a (fig. 13, Salpa a-utaia: 1, an iso-l 
lated individual; 2, five SalptB united as theyj 
awim), also classed in the Tunicata, abound in thai 




Mediterranean, and warmer parts of the ocean J 
They are often phosphorescent. They also s\ 
adhering together in vast numbers; their phoa-'l 
phorescence resembles the light of the moon on I 
the still waters, and they give rise to what is termed. I 
by the French a nier de lait, or sea of milk. 

Sir Joseph Banks, in his voyage from Madei 
to Eio Janeiro, discovered the bttle crab Cam 
fulgetis, a species said to be very phosphorescent. ; 
In nearly the same latitude that this discoveiy I 
was made, Medusa jjc/Zkcctis was met with; 
phosphorescence is described as resembUng a 1 
flash of lightning. 
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In 1810, M. Suriray ahovred that the phospho- 
rescence of the sea in the English Channel was 
owing exclusively to NoctUma miUarls, a very mi- 
nute Ehizopode, which has since been studied by 




' M. de Quatrefagea, of Paris, and Dr. Terhaghe, of 

Ostend. {Fig. 14:,Noctilucannliaris: 1, The animal 
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highly magnified ; 2, less magnified ; 3, as seen 
with a pocket lens on the surface of a glass of 
water ; 4, aa they descend through the water, 
glowing mth phosphorescent Hghtj wheii the 
glass is shaken.) 

In the year 1830, Midiaelisj a distinguished 
professor at Eliel, was, according to Humboldt, the 
first to make known the existence of Phosphoric 
Infunoria. He first observed the phenomenon 
of phosphorescence in a species of the genus 
Peridmium (fig. 15), a ciliated animalcule, and 
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afterwards iii Prorocenlnim micatis,* and in the 
* It U eiceediiigtf probable that this ammaloitle will bo placed 
among the BMzopodea; and the Game remark maj apply to 
.many now-called Infatoria. In this microscopic ciasB of ani- 
"Ib, aa it undergoes fresh inTcstigationB, the species are con- 
ally being remoTcd and placed in higher genera, (amilieB or 
m. Thtu tha^ri/erii are now classed among the Asnelides. 
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Rotifer which he has named Sijnchdta Balticci, 
indicating' that it is found in the Baltic Sea. 
The naturalist Focke has since found this re- 
markable little being in the lagune of Venice. 

Ehrenberg has described the following species 
of self-luminous Infusoria existing in the Baltic : 
— Prorocentrum mica/im, an oval-shaped animalcule 
with a long cilium, and containing many trans- 
parent nucleoles (fig. 16) J Peiidiniuvt Mlchaelit, 




ith 



P.micanSjP.fusus, P. fur ca, P. acuminatum, Syn- 

f ehataBaltica,B,nd.a.wpscieso{ Steiitor{S.igneu3?). 
Peridiniwm Michaelis {fig. 17), named after the 

■ distinguished natur^st already alluded to, is not 
tmlike a very minute Florence ilask filled 
plums, standing upon two legs, and hav- 
ing a ciliated belt round its middle. It 
is perfectly invisible to the naked eye. 
The other species are very odd-look- 

L ing creatures, which it is impossible to 

I describe here. 



'A 
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The interesting Synchata Baltiea (fig. 18) I 
longs to the tribe of Eydatinea, of which majiy 
individuals are common in our ditches and stag- 
nant fresh waters. 

The largest of these phosphorescent Infusoria 
described by Ehrenberg, are about one-eighth oi 
a Hue, the emalleBt are from a forty-eighth to 
a ninety-sixth of a line in size. They offer i 




magnificent spectacle when placed under the r 
croscope in a dark room. 

Ehrenberg has likewise studied certain sped 
of Photorharin, marine animalcules which resemble* 
Nereis among the worms j and, when seen under 
the microscope, appear like minute strings of 
lighted snlphnr. The phosphoric light they emifca 
is of a greenish-yellow, similar to that of the com 
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[■ mon glowworm. Oceana }iemisp}uerica, another 
r minute creature deacribed by the same naturalist, 
I appears "enveloped with a shining crown." 

At the present day it appears doubtless that 
[■certain small crustaceans are occasionally phos- 
I pLoroscent; especially the species Gancer julg&n^ 
h already mentioned, and Cyclops quadncomis. 

Many mollusks have also been seen to shine at 
I night, especially certain Pholades which bore into 
ships, etc., and, according to some authors, cer- 
tain terrestrial species. Concerning these mol- 
sks, it is well known that they shine intensely 
I after death ; but do they shine when alive ? I have 
I not been able to solve this query. The other ani- 
I mals alluded to have been frequently seen, and 
I many of them by myself, in a shining condition 
during life. 




The diiferent species of Cephalopoda which live 

I near the shore, and some Pte^-npoila, have been seen 

I to be self-luminous. The same may be said of the 

curious organisms called Biphorcn, Dijp}u«es, Phj- 
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salia, Salpa, certain Nereids ; and among the Sb 
fish {Aaterias), I slioultl mention the Ophiura, 
Sand-stars. 




MeduscF (figs. 19, 20, 21, and 22) and Cyanmt 

possess this luminous proBftrty to a very high de- 
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i, and so do many polypes, such as the Pemia- 
wtttla, known to naturalists as tlie Phosphoreseenf 
I Sea-pen, and in French as Plumeg de msr. Some 




I Bpecies of V&retilla and Virgularia (Sea Rush) are 
pinown to be eelf-Iuminous. The thick branchy 




rAtcyonidium gelatinosum (fig. 23), which ia only 
Lfound attached to rocks situated in deep water. 



has been remarted to emit phosphoric light at cer- 
tain Bt'aaons of the year.* 

Among the Rhizopodes, the species named by 
Ehrenberg Mammaria sdntUlam^, now better 
kno^naa 2forAllvca mih'arls, which is never larger 
than the head of a smaH pin according' to Hum- 
boldt (I never saw one half ho large), " offers to 
the microscopical investigator of Nature, the mag- 
nificent spectacle of a starry firmamecit reflected 
in the aea." Humboldt tells ua, in one of his 
works, that his body has remained luminous for 
an hour together, covered as it was by Nodiluca, 
after bathing in the waters of the Pacific. 

Nodiluca miliaris is very common in the Eng- 
lish Channel ; and I have found this species in such, 
prodigious numbers in the damp sand at Ostend, 
that on raising a handful of it, it appeared like ao 
much molten lava. 

In the year 1 854, the number of marine animals 
known to be endowed with phosphorescent pro- 
perties during life, amounted to upwards of a 
hundred distinct species, all invcrtebrata. 

MM. Edoux and Souleaet, two French natu- 

" It tiould cerbainlj bo intcrcstiiig to introduce Bomu of thesa 
tumluoua unimnU iaio the mnrino aquuriunia which are Diuch 
in rogue at prawnt. For niy own part, 1 hflvo often been d«- 
lighttd with the phosphorescent iij)ectaul(i some of thum present in 
B BinitU llaek. Tlie apecics Bgured in tlie toit are perhapa among 
the more worth; of notice iu Ihie respect, viz. fig. 19, Thaumantivi 
pitotella; Sg. 21, Cgdippe pilBut I fig, £3, BeroS Forikallii, etc. 
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ratista, who made a scientific voyage round the 
world in the ship ' La Bonite,* obaerved that cer- 
tain small phosphorescent Crustacea sometiniea 
secrete a peculiar phosphorescent matter, and 
that when they are irritatedj they send forth mag- 
nificent flashes of light. Other crustaeeana did 
not appear to possess this faculty. These two 
gentlemen collected a ceitain quantity of the 
phosphoric substance j they found it to be " yel- 
luwtsii, viscous, and soluble in water," communi- 
cating its luminous property to this hquid, but 
only for an instant or two. It lost its luminosity 
when it had been separated for a few moments from 
the body of the animal. 

These naturalists have also observed the phe- 
nomenon of phosphorescence in certain Pteropoda 
and Cephalopoda ; they believe that these animala 
possess a pecuhar phosphorescent substance like 
that of the Crustacea, which, from their observa- 
tions, appears to be continuously and uniformly 
luminous as long as the animala live, but ceases 
to be so when they die. 

"When the phosphorescent Infusoria, of which 
I have spoken, are esdiausted and cease to emit 
any light, their luminous faculty can be restored 
for a while by exciting them with a drop of dilute 
n«id or alcohol mixed with the sea-water ; but 
..this experiment soon kills them. 

I Humboldt affirms that having placed certain 
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Medusas upon a tin plate, he observed that when- 
ever he struck this plate with another metal, the 
slightest vibrations of the tin were sufficient to 
render the animal completely luminous many 
consecutive times. It has been observed also that 
these Medusffi emit a more intense phosphores- 
cence when they are placed in a galvanic circuit ; 
but the electric current must not be too powerful. 

The experiments imdertaken by M. Suriray a 
Havre, by Professor Ehrenberg at Heligoland, by 
M, do Quatrefages at Boulogne, and by Dr. Ver- 
haghe at Ostend, have added considerably to our 
knowledge of the emission of light by Noftiluca. 

All mechanical or chemical agents that bring 
about a contraction of tissue in these animalcules 
excite their phosphoric quality. A drop of weak 
acid or alcohol, a shock given to the glass 
which contains them, immediately renders every 
individual luminous. If u few teaspoonfuls of 
Nociiluca be collected upon a filter, the light they 
emit is powerful enough to enable us to read at a 
distance of nine inches and a half. When the 
bulb of a small and veiy sensitive thermometer is 
plunged into this little heap of Nodiluca, it is 
found, that although these small beings are in full 
life, not the slightest elevation of temperature can 
be observed during the emission of their hght. 

A curious observation has been made by Fro>] 
feasor Ehrenberg. By submitting his "Mi 



1 
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maria" (Noctiluca) to a magnifying power of 
thirty diameters, he saw some of them become 
brilliant on one part of their body only, others on 
many points, and others again on their whole 
surface. On increasing the magnifying power 
from sixty to one hundred and forty diameters, 
more and more brilliant points became luminous. 
The light seemed concentrated in them, whilst 
the homogeneous luminosity of the animalcule dis- 
appeared. Ehrenberg considers these brilliant 
points to be so many light-emitting organs. 



CHAPTER III. 



PnOSPHORESCEKCE OP THE EARTHWOEM. 

In the year 1840 M. Foi-eater wrote to the Aca-" 
demy of Scicncpa at Parisj stating that during a 
dark rainy night lie had seen a great number of 
Lv/mhrics, or earthworms, shining mth a white 
phosphoric light, which he compared to that of 
iron heated to a white heat. 

When this letter was commimicated to the Aca- 
demy, the distinguished naturalist M. Audouin 
rose and said, that to his knowledge no authen- 
tic case of phosphorescence in earthworms had 
ever heen made known, but that he could cite 
numerous caaoa where these wonns had been mis- 
taken for Si-olopimdra, some species of which are 
known to be phosphorescent. 

Upon this occasion M. Dumi^ril, lately one of 
the grodtest ornaments of the present Institute 
of France, said that he happened to know of two 
very authentic observations, emanating from two 
eminent naturalists, concerning the emission ^ 
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light by earthwormSj properly so called {I/iimbri- 
cus) ; the first of these was made by Flaugergiiea, 
who had observed the phenomenon of phospho- 
rescence in Lnmhrks for some years consecu- 
tively, and always in the month of October ; 
namely, in 1771, 1775, and 1776. Flaugergnes 
had, moreover, remai'ked that the bght was 
emitted principally from that portion of the body 
in which are situated the external organs of re- 
production. The second observation is owed to 
the naturalist Bruguiere; bis note, which was in- 
serted in the 'Journal d'Histoire Naturelle' (vol. 
ii, p. 267), is entitled " Sur la Quabte Phosphorique 
du Ver de Terre en certaines circonstancea." 

Since then, M. Audouin himself has been con- 
vinced of the fact by some curious observations 
made known to him by Professor Moquin-Tandon, 
one of the present members of the Academy of 
ScieDces. These obaervations are well worth re- 
■iording. 

The last-named savant, together with M, Saigey, 
remarked one warm summer evening in the year 
1837, a number of small phosphorescent animals 
in a garden-walk at Toulouse. Both M. Saigey 
and M. Moquin-Tandoa ascertained positively that 
these animals belonged to the genus Lumlrimis. 
They were from forty to fifty millimfetres long. 
■ The Ught with which they shone was nearly white, 
(and resembled that of a bar of iron heated to a 
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white heat. When one of these worms was ti 
upon and crushed, the phosphorescence spread 
out upon the ground, producing a long train of 
light, as if the earth in this place had been streaked 
with a piece of phosphorus. 

Each of these Lumhiics was remarked by their 
observers to have a well-developed rUtaUum, which 
proves that the worms under inspection were adults 
and that it was their period for coupling. M. 
Moquin-Tandon preserved some of these worms 
for many days, and observed that their luminous 
property resided in the sexual swelling or clttelluin, 
and that their phosphorescence ceased immediately 
after copulation. 

The editor of a French periodical,* in which my 
brochure on Phosphorescence was reprinted with- 
out my consent soon after it appeared in France, 
received shortly afterwards a letter, dated 18th 
November, 1858, and signed M. Adrien, of Pont 
Saint-Esprit, in which the writer declares that, 
having read my papers, the paragraphs which 
treat of the phosphorescence of Liimhrics had re- 
minded him of an observation he had made about 
three years ago. 

" One summer'a night after a rainy day," says 

the writer, "I saw the ground sparkling with a 

whitish phosphoric light whilst sprinkled with 

warm urine, and I recognized at the same time 

* 'L'Ami dee Soieiuwa.' Paris, 1858. 
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the presence of numerous small worms. . . . The 
phenomenon was so curious that I took up some 
of these woraas and carried them into the house to 
examine them by the hght of my lamp. I imme- 
diately recognized them to be small Lmnbrica, 
about fifteen millimetres long. Returning again 
into my garden, with a lantern, I saw at the same 
place many Lumbncs crawling upon the ground 
with their usual slow and regular mode of progres- 
sion. But they showed no light ; and when the 
lantern was put out, their presence could not be 
recognized. But as soon as they were in their 
turn sprinkled with warm urine, the phosphores- 
cence of their entire bodies shone forth and illu- 
minated their wriggling movements.'' 

The writer of this letter says he has since re- 
peated the experiment many times, and he aalts 
if the phenomenon ought to he attributed to the 
sahne matter contained in the urine, or if the 
warmth of this liquid is alone necessary to oc- 
casion the phosphorescence of Lumbrlce. This 
might have been easily ascertained by using pure 
warm water in the experiment; but the author 
of the letter apparently did not think of it. Hia 
observation, as we have given it in his own words, 
tends to prove that violent muscular contraction 
excites an increase of phosphorescence in the 
earthworm as in the Noctiluea mentioned among 
animals in the preceding chapter; and the fact 
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concerning the earthworm appears to have been 
observed by M. Vallot, of the Academy of Dijon, 
as early as 1828. I may add here, that I distinctly 
remember witnessing/when quite a child, the 
phosphorescence of the earthworm; the light 
appeared connected with the slimy matter that 
covers the animal's body. It was whilst digging 
at night, in a large dunghill, for worms to supply 
baits for a fishing excursion that my schoolfellows 
and myself turned up many hundred Lumbrics in 
a highly luminous condition ; but I cannot recol- 
lect in what month this happened. 




CHAPTER rV. 



PHOSPHOEESOENCE OF SCOLOPEHDRA. 

It 38 well known that the centipedes belonging to 
the genus Scolopendra, and the class of Mijriapoda, 
present us with at least two self-luminous species. 
In common with the earthworm, Saolopcmlra 
emit phosphoric light of a gi-eater intensity at the 
time when the functions of reproduction are about 
to be performed. 

We must register here another anecdote :— 
On the 16th of August, 181 1, about nine o'clock 
in the evening, some persona came to M. Audouin 
at Choissy-le-Roi, near Paris, where he was pass- 
ing his vacations, and called his attention to a 
curious fact. Thoy had seen, they said, an im- 
mense number of " earthworms" in a chicory-field 
not far distant, and these " worms" shone with a 
light that could only be compared to that of a 
piece of coal white-hot. One of these was brought 
in a flowerpot to M. Audouin. It was evidently 
a Lwmhric; but, at the same time, this Lumbric 
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was not phosphorescent. All present were ^real 
surprised, and bo was M. Audonin, when tha 
latter, removing some earth from the flowerpot, 
soon discovered six small Sfiohpendra belon; 
to the species iS. t.lectnea of LinnEeus. 
phosphoric light was indeed vivid enough. 

Going afterwards into the chicory -field, 
Andouin observed this phosphorescence on a 
grand scale. At first lie saw only a few streaks 
of light upon the soil ; but, having ordered some 
of the earth to bo dug up, the spectacle that pre- 
sented itself was truly magnificent. 'ITie up- 
l soil appeared everywhere sprinkled with 
c radiations, and if some of it was trod- 
den upon or rubbed between the hands, streaks 
of hght were produced which remained visible f( 
eight, ten, and twenty seconds. 

Many persons have witnessed the lami 
phenomenon of S. elertrlea, and their obseryatii 
coincide precisely with those just related. 

Scohjiendra cledrica (fig. 24) and S. phoaph 




SiW the only two species that are known with c 
\ fajg-mty to be highly phosphorescent. But it j 
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probable that future observations will furnish us 
with others. The S. eledrica of Linnseus is not 
uncommon in Enpfland, Belgium, TVance, etc. 
Its light is seldom seen, in consequence of its ha- 
bit of living in holes in the soil ; but it ia some- 
times to be met with in outhouses or crawhng 
along some secluded pathway, leaving a track of 
phosphoric matter behind. It is about an inch 
and a half long, its diameter being scarcely more 
than one-tenth of an inch ; its colour is a dusky 
brown, and its legs, which are one hundred and 
forty in number (seventy upon each side of the 
animal's body), are of a yellowish hue.* 

We know very little of S, phosphorea, which 
appears to be a native of Asia. 

Some authors state that 8. eledriea is only 
phosphorescent when in motion, and that its hght 
cannot be discerned when the creature is at rest ; 
it is particularly brilliant, however, when the ani- 
mal is disturbed or irritated.i' 

Macartney has made some extremely curious 
observations on the phosphoric properties of our 
i English Scolopendra. It results from hia re- 
kaearches that the 8. eledrica is capable of secret- 
[ ing a luminous fluid (like the little Crustacea ob- 
\ served by Edoux and Soalezet, as I have already 

' 1 have ttlreadj alluded to the t/eltaw colour as heiag appB- 
K miU; H> ititiiiuitsl; connected witli phoaphoric phc 
f Ws hate teea ttmt this ia the case with Noetiltica. 
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noticed)^ and that this fluid can be communicated 
by the centipede to every part of its tegument. 
He has remarked also — and his observation has 
since been confirmed by Kirby and Spence — that 
this fluid can be received upon the hand, where it 
will remain luminous for some seconds. But the 
most curious of Macartney^s observations is this — 
he believes that this peculiar luminous substance 
of 8, eledrica does not shine in the dark unless 
it has been previously exposed to the solar rays. 

This is certainly a remarkable observation, and 
if it should be confirmed by future investigations, 
it will constitute a very important feature in the 
phenomena of animal phosphorescence. We shall 
see presently that a similar observation has been 
made with regard to the phosphorescent substance 
of a luminous insect belonging to the genus Lani- 
pyris. 



OHAPTEE V. 



I 



PHOSPHORIC INSECTS. 

Phosphokescence has been observed with cer- 
tainty in a considerable number of insects belong- 
ing to the numerous family of Cohapfsra, and in 
some belonging to the family of Hemiptura. "We 
possess also some doubtful observations of this 
kind regarding certain Lepidoptera and Ortho- 
ptera. 

First among luminous Ooleoptera I must men- 
tion the genus Lwmfyris, to which belong our own 
Qlow-worms {Vers-luisants or Lcutnpyres of the 
i'rench). 

There are many species of La-mpyrls. No in- 
Bects, perhaps, have given rise to more poetical 
sentiments among English authors, some of whom 
have termed them " stars of the earth," " dia- 
monds of the night," etc. : pueudonyms they owe 
to their faculty of emitting a tranquil phosphoric 
lightj by which they illuminate and decorate our 
hedgebanks on fine summer nights. For, if we 
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examine ttem in the daytime, these insects, 
every one knows, are not characterized by t 
extraordinary feature, nor do they astonish us I 
their beauty. 

Lampi/rle noctiliica {fig. 25) is the species moi 
abnndant in England, Belgium, Germany, and t 



f 




north of France. We all know it well. We i 
all admired it silently shining on the fresh g 
Hward of the country, and we all value tliis insec 
for the agreeable souvenirn which it calls forth s 
we contemplate its soft light. These little shinii^ 
beings remind us of our younger days, 
were shown to us in our early childhood, and y 
have been taught to look upon them as somethi 
mysterious. " Those sparks in the grass, wha 
they? Insects! But the light!" How < 
have we not heard such questions. Or this, again s] 
" Tell me, then, — you, a philosopher, — w 
definitely, that produces the light of the glow<«| 
worm?" To which we can only reply, 
sparks in the grass have excited the in( 
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urns of philosophera, no less than the curiosity of 
children ; but that which is a myatery to the latter 
is still a secret, or nearly so, for the others." 

Lmnpyris liemiptera. is a rarer insect with as, 
but it ia met with, nevertheleaa, now and then. 
It is black and small, its body being rather elon- 
gated, its elytra or wing-cases conical, and the 
extremity of its abdomen yellow. 

Lampyris italica, both aexea of which are 
winged, — which is not the case with the two fore- 
going species, the females of which have no wings, 
— sheds a very brilliant light ; it inhabits Italy and 
Southern Europe, but has been accidentally met 
with in England and Belgium. Lampyris splendi- 
dula and L. manritanica are fonnd in the South of 
France, and L. corusca in Russia. 

An eiTor, that has become popular, has held 
ground regarding glow-worms. It has been 
stated and persisted in, that the 7nales of the dif- 
ferent species of Lamipyria have not the faculty 
of emitting light. Now it has been shown long 
ago that this opinion is inexact. An English na- 
I'turalist, Ray, was the first to observe that the 
I male of our L. noctilura shone in the dart. Geof- 
[ froy afterwards found that this male insect has 
I four small liimiiwns points, two upon each side of 
\ tke abdomen : and Miiller confirmed his observa- 
The male insect of L. spUndidula and that 
f L. hemiptera show a very brilliant light when 
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they flj. However, both the males and females 
of plow-worma possess the faculty of extinguish- 
ing or emitting their light, aeemirgly at will. 

Tht! light of tho females is emitted from the 
last three segraenta of the abdomen. On the last 
segment of all we find, in L. noctUuca, two small 
luminous points, more brilliant than the rest of 
the segment. 'I'he light of L. italwa is very 
bright. Both sexes fly, and these insects are not 
nncommon in Italy. Whilst flying through the 
evening air they produce a very pretty eflect; at 
first sight, the stars appear to bo moving about in 
all directions. We are told that it was formerly 
a custom among the Italian youths to decorate 
the hair of their mistresses with these " diamonds 
of the night," which were probably leas expensive 
than pearl necklaces, and evidently surpassed the 
brightness of the mineral diamond. 

We know that the light of glowworms is trans- 
mitted to us directly from the body of the insect, 
for it does not possess the properties of reflected 
light. It haa been remarked, that the light of L. 
noctilvca ia refracted like that of the sun or the 
stars, when it passes from one medium to another 
of greater or lesser density. But it has never 
been analysed prismatically, so that we cannot say, 
at present, whether it is possessed of any peculiar 
properties.* 

* Id 1808, WoUaston diaiHiTered what are called the dari linei 
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Mattencci has mai 
upon Lampj/ris itali 



a number of experiments 
with a view of proring 
that the phosphorescence of the glowworm is a 
phenomenon of combustion ; and, however erro- 
neous this opinion may hereafter appear, M, Ko- 
berts had already professed it aa the result of his 
own esperiments a year before M. Matteucci. 
This part of my work is not devoted to the dia- 

of tlie Bolar spectrum i twelve jean otterwards Fraunhofer de- 
termined the positiDn of theea lines, n-hiuli are simpl; breSikB at 
Interruptions in the coloured spectrum, with great accumey. 
Whenever light comes from lAe Shu, as solar light, as planetary 
reflected light, aa limsir light, or as tight reflected from the clouds, 
the number and position of these lines are the same. But when 
lijrhl (^mes from other sources than the sun — from other smis, for 
hisluneo, from the star Siriut — these dark lines of the spectrum 
difibr. We find that the dark lines in the speetnun of Siriut 
diifur from those of Cailor or from those of our Ssa. This dif- 
ference, which was first indicated bj Fraunliofer, was aflerwarda 
confirmed by Professor Amioi, who also showed that in filed 
stare that have an equal and perfectly white hght, lie dark lines 
are not the same. We also know that the ipec\/ie charanter of 
the source of light, l.t. its nature, has an influcncs upon these 
lines of the spectrum. Thus the Ught of the dectfic ipark and 
that of incandescent lo/id todies exhibit great diversity ill the 
number and position of Wollaatoii's dark hne«. Howeypr inter- 
esting the inquiry may appear, this knowledge has not yet been 
apphed to the light emanating from IvminiHa ammah, nor in- 
dfcd to any pliosphoreacent subslaneu in tlie strict sense of the 

(Since the above was written, Kirchhoff, of Heidelberg, has 
discOTBred that the dark lines of the solar spectrum arc owing to 
tba presence of mctuls in the sun's atmosphere.) 
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cnssion of theoretical points; I must, however, 
expose a few facts. 

Matteucci himself observes that glow-worms 
poBsesa a substance which gives forth a brilliant 
light without any smmihle heat ; and that this light 
is visible after the animal has been torn to pieces ; 
that it pereiata for some time after death. 

Those animals which furnish us with examples 
of rapid and energetic corabustionj such as birds, 
by their respiration, poasesa alao a high degree of 
animal heat, when compared with animals in which 
respiration is less energetic. With reptiles, where 
combustion, due to respiration, is comparatively- 
incomplete, we find on the contrary, an animal 
heat of a low degree, dependent upon the tem- 
perature of the place they inhabit. In accordance 
with this observation, if the light of Noctiluf.a, 
Pijrosoma, or Lainpyridce was owing to combna- 
tion, their animal heat would be considerably 
higher. Experiment, however, shows us the con- 
trary. 

According to Matteucci, alao, the phosphorescent 
substance, when extracted from the insect and 
placed in hydrogen gas or carbonic acid, " ceasea 
to shine in thirty or forty minutes." Thirty or 
forty minuies is a very long time indeed, for a 
eombiistion to continue in gases that are devoid of 
the faculty of sapportiug it. As this experiment 
was very carefully verified by the author, we can 
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assert without danger, tliat in gases wMcli extin- 
guish coDibnation tlie luminous aubstauce ex- 
tracted from glowworms shines for thirty or forty 
minutes. 

The same author next remarks, that in oxygen 
gas, the phosphorescence of the luminous sub- 
stance shines three times longer. Only three times. 
But this may be due to a difference of vitality 
in the diiferent individual insects submitted to 
examination. Heat increases the light of glow- 
worms ; too great a temperatm'c destroys it. 

On the whole, the experiments of M. Matteucci, 
made with remarkable delicacy, can lead to no 
conclusion wliich tends to establish the nature of 
the phosphorescence of the LawpyrUie ; unless, 
indeed, this conclusion be that the phenomenon 
in question is not directly owing to combustion. 

With the exception of a single one, the same 
may bo said of those undertaken by M. Eoberta, 
and communicated to the ' Annales des Sciences 
Naturelles' in December, 1842. M. Roberts has, 
however, noted a fact similar to the observation 
of Mr. Macartney, regarding tho luminous sub- 
stance of the Scolopendra. I shall give it in his 
own words :- — 

" If a female Lavipyris be divided into two 
transversal halves, the light spread around by the 
abdominal portion disappears in about half an 
hour. But by placing this same portion near a 
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candle, the light reappears, and, strange to say, is 
not estingniahed in thirty-six hours." He adds 
to this, " It IB in vain that I endeavoured to make 
it appear again by the name proceaa ; this singular 
phenomenon seems only to take place once." 

This observation seems to be a complete repre- 
sentation of phosphorescence after insolation, such 
as we observe in mineral substances. It would 
certainly be interesting to ascertain whether solar 
light has any influence npon the phosphorescence 
of glowworms. We must not forget, however, 
that the luminous substance of the glowworm ia 
capable of shining for some time after death. If 
M. Roberta was not aware of this, his observation 
cannot have much weight. 

I must register here an interesting experiment 
made some years ago by Dr. Lallemaud r — One 
fine summer evening, M. B^rard, of Montpellier, 
had invited to his house a number of profussors 
ajid natui-alists. Dr. Lallemand, who was present, 
caused them to witness a very curious phenome- 
non. He placed npon hia hand a female glow- 
worm [Lnmypris iiociiluca), and stretched his arm 
out of the drawing-room window, which opened 
into the garden. Very few instants elapsed be- 
fore a male Lnmpyris flew into the doctor's hand 
and immediately coupled with the vermiform fe- 
male which he held. But as soon as the act was 
accomplished, the light of the female was eztin- 
gaish"') 'completely. 
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This experiment was witnessed by many emi- 
nent savants, among whom were MM. Bl;rard, 
Duj^s, Dubreuil, Balard, and Moqnin-TandoQ, 

M. Schnetzler, of Vovey (Switzerland), made 
some experiments upon Lampyris noi-.tiluca in 
1854. He attributes the light of these insects to 
the combustion of phosphorns, which he thinks 
he has found in tbe greasy tissue which constitutes 
the luminoua organ of the insect.* Phosphorus 
probably exists in the luminoua tissue, but only 
in the state of jthosphates. By heating this tissue 
with nitric acid until complete dissolution was 
obtained with destruction of the organic matter, 
M. Schnetzler procured a solution showing those 
chemical reactions which characterize phospkateii. 
But that does not prove that pltospliorus in a free 
state exists in this tissue. 

An English chemist, Mr. Thornton Herapath, 
asserts, on the other hand, that the most delicate 
analysis did not show the slightest quantity of 
phosphorus (as pltosphato] in the bodies of those 



I Here, then, we have one observer inferring the 
Cesnstence of free phosphorus after finding phos- 
phates, and another denying the existence of free 
phosphorus after seeking for phosphates only. 
Mr. Herapath thinks, in his turn, that the light 
le glowworm is due to a compound of hydro- 
* ' Archives des SoimceB Fbjsiques de Qen^TC,' Hot. 1655. 
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gen and carbon, secreted by a particular gland, 
organized for that purpose. I believe this car- 
buret of hydrot^en exists iu the tissue of the 
LampyriJte, where it forms, with other substances, 
that ^easy matter that all observers have re- 
marked in the luminous tissue, not only of Lampy- 
riHtB, but of other phosphorescent insects. But I 
doubt that the phosphorescence of these insects 
is owed to combustion. However, I have given 
this opinion its due in the theoretical part of my 
work. 

M. Schnetzler* has brought forward some other 
observations on Laiiipyris nodilvca, which appetir 
worthy of note. It is generally believed that the 
light of the glowworm ia not visible in the day- 
time, for the simple reason, perhaps, that a light 
sixty times stronger than another prevents our 
perceiving the latter. But, according to the au- 
thor just named, if the inforior posterior portion 
of the abdomen of a female glowworm be opened, 
we perceive a yellowish -white substance which 
emits a very feeble light during the day. 

Although the light of the glowworm appears 
to be iu direct submission to the will, or rather to 
the inittinct of the insect during its life, and can 
therefore be extinguished more or less at certain 
intervals, it ia not less true that this light persists 
for some time after death, and even after the lui 
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noua substance has been extracted from the in- 
sect's body. According to Carus,* the light, when 
extinguished in the dry luminous matter, reap- 
pears when the latter is damped with water. The 
naturalist Boitard has made a similar assertion ; 
speaking of the glowworm's light, he says : " II 
paratt qn'ils peuvent ii voloute augmenter ou 
diminuer cette singnliere lumiere, qui disparaJt 
lorsqu'ils sont morts, mats seulement par le des- 
S6chement."f 

We are thus led to infer that the luminous sub- 
stance of glowworms is permanently phosphores- 
cent even after death, if the tissue of the lumi» 
nous organ be kept dry, and not decomposed by 
chemical means. 

When the insect, dead or living, is plunged 
into boiling water, its light is extinguished sud~ 
deuly. A vigorous individual plunged into olive 
oil soon loses its brightness, but a feeble lumi- 
nosity persists for a long time even after death. 

The microscope shows us in the luminous sub- 
stance of glowTvorms a cellular tissue, filled with 
what appears to be a soft yellowish grease ; the 
whole is traversed by the trunks and branches of 
the trachcEe or air-tubes. This substance extends 
in a thin layer along the inner sides of the ab- 
domen. It is this greasy substance, this corps 
graisseiix, that Treviranus regarded as the source 
* Comp. Anat. t 'Mouuel d'Eutomologie.' Paris, 1S33. 
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of the light of glowworms. According t 
this luminous organ " constantly receives a cur- 
rent of a liquid equivalent to blood." This flow, 
in his opinion, is the cause of the rhythmical 
character of the luminous emanatiouj aa seen in 
Lampyris itallea. 

Gueneau de Montbelliard showed in 1 782 (Noov. 
Mem. de I'Acad. de Dijon, vol. ii. p. 80) that the 
eggs of Lampyri-lm, which are small yellowish 
spheres, appear also phosphorescont in the dark. 
Carus has confirmed this observation, and assures 
us, at the same time, that the larva of these in- 
sects emit a greenish phosphoric light,— a fact 
which had been observed by Treviranus as early 
as 1802. Some authors have asserted that the 
chrysaUs of the glowworm is sbghtly luminous- 




Other Colecqitr-ra- are exceedingly phosphort 
cent. Such are the numerous species belongincf 
to the genus Elafer, known to the English as 
IFvre-JHes, and of which E. tioctUucua (fig. 26) of 
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Latreille haa been moat attentively studied. Thia 
insect, of a dark brown colonr, attains about one 
inch and a half in length. On its back are ob- 
served two smooth yellow spots. It is extremely 
common in the Antilles and the whole of South 
America, and emits a much more vivid light than 
the Lampi/rula. Besides the two yellow dorsal 
spots, which are very brilliant at night, there 
exist two others, hidden under the wing-casea or 
elytra, the light of which is only visible when the 
insect flies ; it then shows four luminous points of 
great brilliancy. Moreover, the whole body of 
the insect appears glittering with light, which 
shines through the intervals existing between 
each segment or ring of the abdomen, and which 
is easily perceived when these segments are gently 
pulled asunder. The light which is emitted by 
the two points upon the thorax alone, is sufB- 
ciently strong to allow us to read by its aid the 
smallest print. 

Under the common name of Flre-jlies a great 
number of these exotic Elaters are indistinctly 
grouped. Most of them are smaller than Elatnr 
noetUueus. Closely allied to this is E. vjnitug. 
But.besides these two species.iniger haa described 
ten others under the generic nameof Pi/r i^/iuntw; 
and Kirby and Spence state that seventy distinct 
species of these luminoos insects are spread about 
the hot cbmatea, &om Chili to the south of the 
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United States. Tlie apeciea described by Uiij 
(in Tol. i. of Annals of Nat. Hist. Soc. of Berlin) 
were taken in the Brazils, Peru, Bneuos Ajres, 
Chili, Cuba, St, Domingo, and Guiana, At St. Do- 
mingo, where these insects are abundant, the in- 
habitants call them Ciiculj. They are often applied 
to useful purposes, as lights, as decorations, and 
especially to destroy gnats which awarm in 
dwellings. Considerable quantities are taken 
this effect in the month of June. 

On examining the luminous tissue in Lam^ 
ria noctiluca, Elater noctilucus, and ElatiT ignii 
Macartney observed that this tissue only ditfei 
by its yellow colour from the greasy intercellular 
substance which is fouud in other portions of the 
insect's body. In IS. iiodiluciis and E. ignittia 
the light proceeds from masses of thia substance 
closely applied underneath the transparent parts 
of the insect's skin. When the season for giving 
light is passed, this yellow tissue is absorbed and 
replaced by the ordinary intercellular tissue. In 
Lampyris •nociiliica, besides this greasy tissue, 
same author observed, in the last abdominal sej 
ment, two small oval sacs formed by an elaal 
spiral fibre, containing a soft yellow greasy sul 
stance of closer texture than that above-mentioni 
and affording a more brilliant light than the 
of the luminous tissue.* 'ITio light emitted 
• PliUosophioal Traiifluctions, 1810. 
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the yellow greasy tissue of the spots in the thorax 
of E. noctilucns can be communicated, it appears, 
to the interstitial tiasue which pervades the whole 
of the insect's body. It was De Geer who first 
observed that light shone between the aegmouta 
of the abdomen when these were separated one 
from another. 

Morren, late Professor of Botany in the Uni- 
versity of Lii^ge, has studied minutely the struc- 
ture of the luminous organ oi Lnmpyris noctlhtca.* 
He has shown that the luminous sacs described 
by Macartney are connected with a multitude of 
trachean ramifications (air-tubes), and that the 
luminous property of the glowworm appears to 
depend, to a considerable degree, upon the pro- 
cess of respiration. The tracljean ramifications 
proceed from a large trachea which issues from a 
spiracle (breathing-hole) situated immediately at 
the side of the luminous mass, on the exterior of 
the insect's body. When this spiracle is closed 
the light is immediately extinguished, and reap- 
pears when the spiracle is opened. As insects 
have the power of opening or closing their spira- 
cles at will, the glowworm can thus increase or 
diminish its light. This also explains why the 
light of the fire-flies {Ehttcr) is more brilliant 
when the insects are flying, for tbeu their spira- 

r * I hsTe not read i/t, JSoveen't paper. It is abridged in Eirbj 
d Spence's Introd. to Eot. p. 513 (edit, in one vol.). 



PIIOSPHOSIC IXSECTS. 



clesi are wide open^ and respiration more er 
than when they are in repose. 

An interesting observation was made formerly 
by Alexander ron Hamboldt, He drew out s 
very vivid light from an Elafer nodUucns that was 
dying, by touching the ganglia of one of its an- 
terior limbs with a piece of zinc and a piece of 
silver. 

Some other Goleoptera, said to be phosphores- 
cent, belong to the genus Paitsmis. Of this genus 
at least three species have been brought to Eu- 
rope, — Pauss^is lineiiius, from the Cape of Good 
Hope, P. micivcephilits and P. spbaroccrus, also 
from Africa. The habits of these insects are not 
well known. It is the species P. sph/erocaiia (fig, 
27) which is stated to be phosphorescent. 




phosphoric hght emanates from a peculiar swell- 
ing or vesiculous segment, which terminates the 
antenuHB or horns of this curious insect. The fact 
was observed by Afzelius. Mr. Westwood, who 
has written a monograph upon this genua of in- 
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|.«ecta, states that the "dim phosphoric light" 

■ ■mentioned by Professor Afzelius is probably only 

I reflected light owed to the highly polished surface 

the spherical cellular antennse. But this ia 

■.merely a supposition, and does not even amount 

I to negative evidence. The genus Paussns is not 

mentioned in the twelfth edition of Linnseua's 

sterna Naturse.' The species above named 

appear to be all night insects; they are easily 

recognized by the peculiar knob at the end of 

each of their antennfB, which are very short, and 

I composed of only two seginentSj including the 

I cellular one, 

Lamarck thought that the two oval red spots 

I which we remark upon the second segment of the 

I abdomen of Chiroscelis hifeneMrata are luminous 

I in the dark, I am not aware that the fact has 

1 ever been confirmed. This insect, which is black, 

I and about 1^ inch long, inhabits the Isle Maria. 

I Its oval spots resemble those on the back of Ela- 

er nor-tilucus. 

According to Latreille, the Chinese insect known 

[ as Buprestia ocellata has two spots upon its elytra, 

\ which are luminous at night, A friend of this 

naturalist assured him that he had seen these 

spots luminous in a living specimen which was 

brought from China to the Isle of France in some 

wood. 

The ScaTabteiis ].>kofp}iMicti9, which Tre\"iraiiu3 
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; being luminoua at the abdomeiD, is 
no other than Lanypyris itaUca, of which I have 
spoken above. 

One of the Longicom beetles, named by Che- 
VTolat Dadoyrhiis Jlavocinctus, has the third and 
fourth segments of the abdomen of the same yel- 
low colour and appearance as the Inminoua seg- 
ments of the Lampi/ri'lte, and we know that a 
considerable number of the Brazilian HelupUl-te 
present a similar peculiarity, whence some ento- 
mologists are inchned to ini'er that these insects 
are also luminous. 

In the family of Hemiptera we have the genus 
Fttlgora, which includes several species said to be 
highly phosphorescent. Their light is so brilliant 
that the authors who speak of it have called the^e 
insects Lanter 




Fulgora lulemana and F. eandelaria (fig. 28) 
are the two species best known. These, like i 
the insects of this genus, have a very singular ap; 
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■ pendage projecting from the tead — a sort of long 
tproboscis. In F. laterriaria, which inhabits Sonth 
■.America, this projection is horizontal, uneven, and 
I rounded at the extremity. In F. candelaria, which 
I is found in China, the proboscis is cylindrical and 
I curved upwards, 

is from these appendages, the aides of which 
aro transparent, that the phosphoric light ema- 
nates ; they appear to be filled with a pecuhar 
phosphoric substance. Madame Marian was the 
m first to observe the phenomenon. According to 
L her account, F, laieniaria, which is a largo insect, 
emits a most brilUant Ught. It is said also that 
the trunk of a tree covered with numerous indivi- 
duals oi F. candelaria — some in movement, others 
in repose — presents a very grand spectacle, impos- 
sible to describe, bat which may be witnessed 
sometimes in China. 

Fulgora pyirhonjvchus, described and figured 
I by Donovan in his ' Insects of India,' is said to 
f flmit light of a fine purple colour. 

Some authors have denied that the Fulgora 

shine. Count Hoffmanaegg informs ua that Ma 

insect collector, Sieber, a practised entomologist 

, of thiri^y years' standing, who took many spe- 

I rimens of F. laternaria in the Brazils, never saw ' 

(one luminous. On the other hand, the Marqm's 

ola, in the ' Annals of the Entomological So- 

Kdiety of France,' vol. viti., contends for the lumi- 
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nons cliaracter of the whole tribe. Again, '. 
Richurd reared a species of Fulgora, tut never 
Baw it shine ; whilst a friend of M. Westmael as- 
sured him he had seen F, latemariti luminous when 
alive. 

Mr. Smith, of the British Musenm, has related 
to me an anecdote w^hich confirma the opimon 
that the Fidgwa are certainly luminous. Whilst 
curator of the Entomological Society, he was one 
day showing some insects to Lady Seymour, her 
Hon, a young midshipman, and one of his com- 
panions. Tho two latter had wandered to a case 
of Fuhjora, when one of the boys exclaimed, 
" Why, look here ! these are the CamUc-jiins that 
we used to knock down with our caps in China," 
Besides this. Dr. Donovan has carefully figured 
these Fhtlgora, and his figures show them in the 
act of emitting light from the points of their pe- 
CTdiar proboscis. 

The group of Fulgora is, however, very little 
known; we know scarcely anything of their 
habits, except that they appear to be night-insecta i 
they merit assuredly a more complete history. 

In the family of Lepidoptem, which includes 
Butterflies, Moths, etc., a phosphoric light has 
been observed in the eyes of Noctua pn!, — a little 
grey nocturnal moth, which has upon its upper 
wings a few black spots resembling the Greek 
letter v 
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The same phenomenon appears to have Ijeen 
seen in the eyes of Bomhyx coesus. 

A Russian nataralist, M. Grimmertlial, has ob- 
served that the caterpillars of Noctua occulta are 
luminons, and the observation was communicated 
to the Entomological Socioty of France by M. 
Audouin, Since then, M. Boisduval remarked 
one hot snmnier evening in the month of June, 
a quantity of caterpillars on the stems of grass. 
They shed a phosphorescent light, and were cer- 
tainly not the larvte of N^octua occulta, but rather 
those of Mainestra oleraeea, though they seemed 
larger than usual. M. Boisduval believes that 
this luminous appearance was caused by disease, 
which would account for its not having been met 
with before upon this common species. 

If disease is capable of developing phosphoric 
light in insects, which it certainly has been known 
to do in superior animals, as we shall see further, 
it will account for the fact that other insects be- 
sides those named have been seen, though rarely, 
in a luminous condition whilst ahve. Thus, some 
I authors speak of Grillua campestris, or Mole- 
\ cricket, among the OrtJiaptera, as having been 
e seen in a phosphorescent state. Others as- 
I sure us that the common *' Daddy Longlegs," Ti- 
fpula oleracca, was taken by a farmer who, seeing 
i hght, knocked the luminous object down, and 
[ found it to be the insect just named. 
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Many insects which we are in the habit of ob- 
serving only in the daytime may probably emit 
light in the evening, though all those which have 
been recognized with certainty to be highly phos- 
phorescent, such as the Lampyrida and the JE7/a« 
teiicUBy are nocturnal insects. 



CHAPTER VI. 

f PBOBLEMATICAL CASES OF PHOSPHOEESCENCE 
IN SUPERIOR ANIMALS, AND PHOSPHORIC PHE- 
NOMENA OBSERVED IN MAN. 

I Is the ajiimal kingdom phosphoresoence appears 
I to cease with the class of insects ; in reality, how- 
lever, phosphoric phenomena have been observed 
EJIL animals of. superior organization daring their 
lifetime. 

To apeak, in the first place, of some proble- 
matical cases of phosphorescence in animals more 
highly organized than insects, I will state that, 
Laccording to Cams, we are wrong in attributing 
o a simple effect of reflected light that peculiar 
■■cintillation which is observed in the eyes of dogs, 
I, tigers, etc. Rennger, in hia ' Natural His- 
tioiy of the Mammalia of Paraguay' ('Naturge- 
1 Bchichteder Saugthiere TOn Paraguay"), pubhahed. 
tut Basle in 1830, says, that he has seen the eyes of 
■ a monkey so brilliant in complete darkness, that 
W they illuminated objects at a distance of half a 
f foot. The animal in question is the Nijctipithecu« 
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morning we broke down our door and tried tha-l 
dogs again. They could hardly stand. A gale 
now set in from the south-west, obscuring the 
moon and blowing very hard. We were forced 
back into the but j but after corking up all tibQt I 
openings with snow and making a fire with OOJ 
Esquimaux lamp, we got up the temperature t(^l 
30*^ below zero Fahr.(— 34'5° Centigrade), cookeolf 
coffee, and fed the dogs freely. This done, PetetMl 
sen and myself, our clothing frozen stiff, fell aeleep'fl 
through pure exhaustion ; the wind outside h\aw^ 
ing death to all that might be exposed to its ia^-a 
fluence. I do not know bow long we slept, bu( 
my admirable clothing kept me up. I waa cold^.l 
but far from dangerously so, and was in a fair way 4 
of sleeping out a refreshing night, when Feteraeii, 
woke me with, ' Captain Kane, the lamp's out.*B 
I heard him with a thrill of horror. . . . Our only? 
hope was in relighting onr lamp, Petersen, acting 
by my directions, made several attempts to obtain; 
fire from a pocket-pistol ; but his only tinder v, 
moss, and our heavily stone-roofed hut or cave 4 
would not bear the concussion of a i-ammed wad- 
By good luck I found a bit of tolerably dry paper, J 
and becoming apprehensive that Petersen would 1 
waste our few percussion caps with his ineffectual f 
snappings, I determined to take the pistol myself^ J 
It was so intensely dark that I had to grope iof 1 
it, and in bo doing touched his hand. At (halkc% 
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' insicvnt t}ie pistol became distinctly visible. A pale- 
blwisk light, sligkthf tremulous, but not broken, co- 
vered the metallic parts of it — the barrel, lock, and 
trigger. The stock, too, was clearly discern- 
ible, as if by the reflected light ; and to the amaze- 
ment of both ofvs, the thumb and two fingers with 
widch Petersen was holding it, the creases, wrinkles, 
and circuit of the nails, clearly defined upon the 
skin. The phosphorescence was not unlike the in- 
effectual fire of the glowworm. As I took the pistol, 
my hand became illuminated also, and so did the 
powder-rubbed paper when I raised it agamet the 
muzzle. The paper did not ignite at the first 
trial ; but the light from it continuing, I was able to 
charge the pistol without difficulty, rolled up my 
paper into a cone, filled it with moss sprinkled 
over with powder, and held it in my hand whilst I 
fired. This time I succeeded in producing flame, 
and we saw no more of the phosphorescence. . . . 
Our fur-clothing, aad the state of the atmosphere, 
may refer it plausibly enough to our electrical 
condition." * 

I have given this account in Dr. Kane's words, 
that the conditions under which this curious pro- 
duction of light occurred may be more readily 
appreciated. 

Tlie light arising fi'om currying a horse, or rub- 
1. cat's back, has often been observed. A 
1» See Dr. Eaue'i work, 'The Saoond OrincU Kipeditioo,' etc. 
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peculiar snapping noise accompanies this light, 
which is owing simply to the production of a. 
quantity of electric sparks. Similar instances of 
spontaneous production of light have been observed 
on combing a woman's hair, provided it be very 
dry, and the atmosphere devoid of moisture.* 

Bartholin gives an account of a lady in Italy, J 
whom he designates as " iivalier eplendens," whof 
body shone with phosphoric radiations when Blight)l]r< 
mbbed with a piece of dry linen. 

A phenomenon, which might perhaps be termed' A 
aubjective phosphoresceiicc-, occurs when injuries a 
received by the eye or the optic nerve {fig. 29)ij 




Thus, when the head has been held down for sonje 
moments, sparks are often seen before the eyes 
on resuming an upright position. These sparks 

• I have observed thiB fivquentl j, but gonpiull j when a BOatL- 
vat wind is bloning, and the atmoBpliera liigbly eliictnca 

i Fig. 29, the humBn eye, showing the dilTureiit membraaM _ 
and ths optio nerre. 
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appear in motion, and are of frequent occurrenco 
in some diseases, such as typhus fever, when the 
invalid sees them upon the bed-cover, and con- 
Btantly endeavonrs to pick them off with his 
fingers. When a blow ia received upon the eye, 
an intense light is perceived ; this mxist be familiar 
to pugilists. 

When the optic nerve ia cut, no pain is felt ; but 
an intense flash of light across the eyes is experi- 
enced. The same flash occurs when an electric 
current passes through the optic nerve, aa some- 
timea happens when a piece of silver and a piece 
of zinc are made to form a galvanic couple with 
the tongue or other parts of the mouth. To en 
sure the success of this experiment, the platea of 
zinc and silver should bo placed upon the inside 
of each cheek, and connected together, outside 
the mouth, with a piece of silver wire. 

I have observed very vivid luminous appear- 
ances, during fever, in my own eyes ; they mani- 
fested themselves after any violent exertion, such 
as going upstairs, walking quickly across a room, 
etc.* The light appeared in the form of mj-riada 
of luminous spots, in rapid motion, and of a 
greenish- yellow tint. 

These phenomena, to which I have given the 



I 



* These nctioiu would not amount to violent in a stata 
health, but require a, great omaimt of eiertion during iUneea. 
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ihoresceiice, ' 
curately desci-ibect by Purkinje. 

Ritter, Purkinje, and Hjort have noticed tliiatil 
when the eye is included in a galvanic current, ^ 
vivid flash of light ia perceived whenever this cir- 
cuit is closed or opened. Purkinje also remarked 
that whenever the eye is pressed with the finger 
certain arborescent figures are produced, all af-_ 
which are luminous. I 

Narcotic medicines often affect the eyes in. skl 
similar manner, producing subjective phosphorift I 
radiations, A production of light in the aboT» 1 
circumstances is exceedingly interestiug, andi I 
tends, perhaps more than we are aware, to esta^ I 
blish the fact that the phenomena of light ai^J 
owing to a vibratory wtou-.'meni of matter. I 

In a former chapter I have spoken of the ap^4 
pearance of phosphorescent bghfc upon the bodio^ 1 
of animals, and upon the human body after death., m 
In this one I have to mention similar appearance%J 
upon the hving body. « 

Marsh, in an 'Essay upon the Evolution <^^ 
Light from the Human Subject,' brings forward I 
the following statoment made to him in thesft I 
words : — " About an hour and a half before my J 
sister's death, we were struck by luminous ap- I 
pearances proceeding from her head in a di^«nal' I 
direction. She was at the time in a half recnm- I 
bent position and perfectly tranquil. The UghUm 
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was pale as tJie ynoon, but quite evident to n 
myself, and sisters, who were watching over her 
at the time. One of us, at first, thought that it 
was lightning, till shortly afterwards we fancied 
■we perceived a sort of trem-uluiis glimmer playing 
around the head of the bed; and then, recollect- 
ing that we had read something of a similtff 
nature having been observed previous to disso- 
Intion, we bad candles brought into the room, 
fearing our dear sister would perceive it, and 
that it might disturb the tranquilbty of her last 
moments." 

We are told of a similar luminous apparition 
around the person, and in the room, of a man 
who had been lying ill of a lingering disease, of 
frhich he afterwards died, in tlie soath-weat of 
Ireland. 

In 1840, Donovan pabhsbed, in the 'Dubbn 
Medical Press,' a veiy curious case of phospho- 
rescence upon the living body of a man, " I waS 
sent for," he says, " to see Harrington, in Decem- 
ber, 1828, He had been under the care of my 
predecessor, and had been entered in the dispen- 
sary boob as a phthisical patient ; and on referring 
to my note-book, I find that the stethoaeopic 
and other indications of phthisis were indubit- 
able. He was under my care for about five years, 
during which time the symptoms continued ata- 
tionary, and I had discontinued my attendance 
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for about two years, when the report 
geiieral that mysterious lights were seen every 
night in his cabin. The snbject attracted a great 
deal of attention, ... I determined to submit the 
matter to the ordeal of my own senses ; and for 
this purpose visited the cabin for fourteen nights, 
On three nights only did I witness anything un- 
usual. Once I perceived a luminous fog, resem- 
bling the Aurora Eorealis; and twice I saw senmMU 
latiom, like the eparkling phosphorescence exhibited 
by sea-iufusoria. From the close scrutiny I made, 
I can with certainty say that no imposition waa 
either employed or attempted." 

These strange luminous apparitions are never 
seen but in eases of extensive disease. The 
theories that have hitherto been brought forward 
to explain them are quite inadequate to account 
for these phenomena. 

I read also of another similar case of phosphoric 
light gbmmering about the bed of a woman in 
Milan. This hght fled from the hand which ap- 
proached it, and was at length entirely dispersed 
by a current of air. 

Of the same kind are those luminous appear- 
ances which are sometimes, though rarely, seen 
in houses, and which have been called " J^lf. 
canclUs" by the Scotch, They are supposed to. 
portend the death of soma person in the house* 
■Afl they have been known to occur hefore death. 



1 
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upon the Iwi/ag subject, I have separated them 
from those mentioned in the first chapter of this 
part of my work, although they may probably be 
referable to the same cause.* 

* It is by no means proyed that death inevitably follows this 
phosphorescent light : the case of the Milanese woman seems to 
prove the contrary. 
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PART IV. 

HISTOEICAL, THEORETICAL, AND 
PRACTICAL CONSIDERATIONS. 






CHAPTER I. 

HISTORICAL NOTES. 



I H4TB now exposed ali the casea of f 
cence ■witli wHcli I am acquainted, in minerals, 
mineral substances artificially produced, in vege- 
tables, both phanerogams and cryptogams, and 
in animals dead or living, besides having Eluded 
to several singular cases of meteorological, and 
Bome problematical cases of astronomical, emission 
of phosphoric light. 

It will thus be seen that phosphorescence per- 
vades the whole of nature. Not only have spon- 
taneous evolutions of bght been witnessed in our 
chemical and physical laboratories as cunosities 
produced by human skill, we find the same in- 
teresting phenomena exhibited in natural mineral 
substances, in various plants and animals, where 
our physical knowledge takes no part in their pro- 
duction. Moreover, we see phosphoric light de- 
veloped in the atmosphere, as, for instance, lumi- 
foga, and in the heavens. 
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We thus becomo impreaaed with the generaJitHl 
of these phenomena, Tvhich have hitherto been re- 
garded only BB rare and mysterious evolutions of 
light. _ 

It is curious to note the progress of the dis- 
covery of phosphoric phenomena, and the in- 
effectual attempts that have been made to explain 
them as our knowledge gradually extended. 

The ancient Greeks gave the name Phosphorus 
to the morning star, or planet Venus, when it 
rises before the sun. By the Latins, the name of 
Lucifer was given to this star, which the French 
term Etoile de Berger. 

Although the phosphorescence of the Bologna 
stone, and certain other pkospkori, was only ob- 
served in the seventeenth century, the luminosity 
of the sea was familiar to observers in the darkest 
ages of antiquity. Some authors assert that it 
was generally attributed by the ancients to Castor 
and Pollux J but the phenomenon attributed to 
these divinities was simply the electric light which 
I have alluded to as the Fire of 8t. Elmo, appear- 
ing in stormy weather on the maats of ships. 

Aristotle mentions light proceeding from pa- 
trescent substances and from glowworms; Pliny 
was acquainted with the luminous properties of 
the dead Pjiulas and certain Meduste, and this 
taicient natnrabst knew that by rubbing one of 
these animals upon a plank the wood became 
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luminous, and that when it bad ceased to shine, 
the Light could be brought back again by rubbing 
the hand over the board. 

In 1592, Fabricio d'Aquapendente brought for- 
ward the first observation of phosphoresceiit fleab, 
which Robert Boyle afterwarda attempted so 
energetically to explain. 

In 1602, Cascariolo discovered the famous 
Bologna stone, in the manner already described. 

In 1663, Robert Boyle found that diamonds 
possessed the properties of solar-phosphorus. 

In 1669, Brandt discovPrd the chemical element 
phosphorus, re-discovered by Kunckel in 1674, 
and, according to some, by Robert Boyle in 1680.. 
Boyle's account of this new substance was indeed 
only published in 1680. Some authors say that 
he saw phosphorus in the hands of Kraft, and 
knew that it was extracted from some matter 
pertaining to the human body; others say that 
Brandt had partially communicated his secret to 
Kunckel, However this may be, the discovery, 
after all, was made by Brandt. 

The remarkable light euaitted by phosphorus 
in the dark, known at present to be an effect of 
oxidation, was supposed to be owing to combus- 
tion ; and strange to say, this opinion, which was 
not till long afterwards confirmed by direct ex- 
periment, was the exact representation of the 
phenomenon. 
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In 1686, Tachard, an ecclesiastic, in order \ 
explain the phosphorescence of the sea, stated 
that the waters of the ocean absorbed the light of 
the sun by day and emitted it a.gaia at night. 
Tlie distinguished philosopher Robert Boyle, who 
lived at this period, believed that the light of 
the waves was owing to friction. He iDiagined 
that the atmosphere rubbed against the water of 
the sea by the rotation of the earth, and that 
this friction had for direct effect the emission of 
a certain amount of caloric and light. We have 
aheady seen that Boyle endeavoured also, by 
numerous and ingenious experiments, to acconnt 
for the phosphorescence of rotten wood, flesh, etc. 

Later still, we find that Mayer reproduces the 
old opinion of Tachard ; and Becearia afiirmB that 
the solar-phosphorus, or Bologna stone, " absorbs 
light, and emits it some time afterwards." Bec- 
earia thought he had observed tliat this substance, 
when subniitted to coloured light from red, yellow, 
blue, and green glasses, shono in the dark with a 
red, yellow, blue, or green light. But this was 
afterwards distinctly denied by Wilson in England, 
Zanetti and Algerotti in Italy, by Dufay in France, 
and by Grosser of Vienna, 

In 1797, Brugnatelli published a singular opi- 
nion in the 'AnnaU di Chimica.' He beUeved 
that the phosphorescence of the Lanipyr-ida, or 
glowworms, was owing to a peculiar physiological 
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act, by which these 'insects separated light from 
their food, and afterwards secreted it in a sensible 
form. "When we recall the chemical theories in 
vogue at that period, we find that Brugnatelli's 
opinion is not so ridiculous as one wonld be apt 
to suppose, 

Carradori, another Italian naturalist, appears 
to have admitted Bnignatelli's opinion j but know- 
ing that the Lampyrldce could extinguish or emit 
their hght at will, he thought that they effected 
this with a peculiar membrane acting as a screen, 
by which the insect (Lampyris itallca) hid its 
light. The existence of this membrane was after- 
I Wards denied by Macartney in the ' Philosophical 
I Transactions for 1810.' But Carradori caused 
to take a step forward when he proved 
i 'Hiat the hght of Lampyris italica was not imme- 
jdiately extinguished iji. vacuo, in oil, or under 
jWater, as the light of a candle, or that of common 
iiosphorus would be. 
Boyle, Hume, and Macaire have all observed 
lat the phosphorescence of certain dead organic 
latters was extinguished, at least partially, in 
■ wicMO, Boyle's experiments on this subject were 
I pnhhahed in the ' Philosophical Transactions' for 
■1668. Although he certainly did happen once to 
B'wrtinguish the light of phosphorescent wood, in 
mvacuo, completely, he never succeeded in totally 
ctinguishing that emitted by dead fish. 
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Experiments, the results of which appear c( 
tradictory, were made upon the glowworm's lig'bt, 
by Porster, Spallanzani, Dr. Hulme, Beckerheim, 
ajid Humphry Davy. Davy's experiments show 
that the lifijht was neither increased in oxygen or 
extinguished in hydrogen gas (Phil, Trans. 1810). 
It was in 1749 and 1750, as we have seen, that 
Professor Viannelli and Dr. Grixellini discovered, 
in the Adriatic Sea, their small luminous worm, 
Nereis noctiluca ; and from this moment the real 
canse of the phosphorescence of the sea was esta- 
blished. It was then owing to animalcules ! Soon 
afterwards Captain Cook and Mr. Forster met 
with those curions little organisms, the NoctihioB, 
and recognized them as the cause of the phospho- 
reBcence of the ocean. In 1776, the Abbe Spal- 
lanzani treated of the phosphoric light emitted 
hy MeduseB. 

Since then, discoveries connected with phi 
phorescence have multiplied considerably up' 
the present day. 

The history of that of our own Nodiluat miliaris, 
which illuminates the wat+srs of the English Chan- 
nel, and therefore interests us particularly, is curi- 
ous enough. 

This animalcule was accurately observed, for 
the first time, by a French naturalist, Rigaud, in 
1765, who speaks of it in the 'Mi5moirea 
1' Academic de Paris;' it was seen also, aboot 



a 



mSTOSTCAL NOTES. 177 

Bamo tioHi, by Slabber of Harlem. In 1775, 
Dicquemare discovered it again in the sea at 
Havre, and in 1810, M. Suriray called attention to 
its existence upon the same coast as a novelty. 
Ho gave it the name Noctiluca miUaris, which it 
-has Binee retained. In 1 834, Professor Ehrenberg, 
whilst studying the phosphorescence of the sea 
on the coast of Heligoland, met with the same 
.little animal, and called it Mammana scintillans, 
by which name it is designated in some of Hum- 
boldt's works. M. de Quatrefages, of Paris, has 
written an interesting paper upon it ; and lately, 
in 1855, Dr. Verhaeghe, of Oatend, pubUshed a 
flmall pamphlet, ' De la Phosphorescence de la Mer 
Bur les Cfites d'Ostende,' containiing the reaidta of 
his observations upon this curious httle being. 

The dates of other important discoveries con- 
nected with phosphorescent phenomena have been 
given in preceding chapters. 

In 1775, Wilson discovered that the most re- 
frangible rays only of the solar-spectrum acted 
upon the different kinds of soiur phonphori ; Bec- 
caria, from his own experiments, came to the same 
conclusion about the same time. In 1802, Enge- 
field re-diacovered that the blue rays of the solar- 
flpectrum acted more energetically than any others 
in promoting the phosphorescence of the Bologna 
,^tone, and his experiments were repeated and con- 
Brmedby Ritter, Goethe, and Seebeck. 
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Some papers upon phosphorescence after inso- 
lation, were afterwards published by M. Dessaignes ; 
they gained the prize of the Academy of Hdencea, 
at Paris, in 1807-1808. This authorwas the first 
to observe that mibatancen which are had mnducfors 
of filectriidiy are very easily rendered phospho- 
rescent, whilst those which are good conductors 
apparently very rarely or never. 

Desaaignes, moreover, remarked that electricity, 
either in the shape of an electric spark or dis- 
charge, or in that of a simple current devoid of 
light, gives the faculty of shining in the dark to 
bodies which do not appear to possess it.* Dea- 
saignes was therefore naturally brought to the 
conclusion thttt every caae of phosphorescence is 
intimately connected with electricity. 

Some years later, M. Becquerel and M. Biot, 
in France, and afterwards. Professor Heniy, in 
America, repeating the experiments of Dcssaignea, 
and adding some new ones of their own, arrived 
at the same conclusion. 

But they were not the only observers who were 
occupied upon this subject; whilst Grothuss, in 
Germany, who seema to have been the first to re- 
cognize the action of an electric discharge upon 
phosphoric bodies, was evidently remaining be- 

* Qrotliufls BKQiA to liflv© liecTi t]ie first to show thnt the dia- 
""""i became luminoiiB wliEn on elcctriu discharge wa» paased 
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hindj and believed in the old opinion of Beccaria, 

Heinricfa, at Nuremberg, and Pearsall, in London, 

supported the ideas of Dessaignes. Becquerel 

and Biot have the merit of having first studied 

the influence of transparent screens of different 

substances (glass, quartz, ealcareona spar, etc.) in 

I promoting or extinguishing phosphorescent light 

I produced by insolation. Their experiments were 

r repeated recently by Professor Henry, of Pbila- 

r delphia. The action of cohured glasses upon this 

phenomenon had already been investigated by 

Wilson and Beccaria. 

I shall not repeat here what I have stated in 
I other parts of this work concerning the discovery 
' of plant-phosphoreaconce and of light -emitting 
animals. 

For the benefit of those who might desire to 
consult some of the more important and original 
documents relating to the subject of phospho- 
rescence, I have determined to give, in an Ap- 
pendix to this work, their titles, and the dates of 
' their publication. 

e have already seen, the light emitted by 

f flowers is thought to be owing to electricity; but 

e for that which ia evolved from Fungi, such as the 

c of the olive, the Rhizomoiyha, etc., no idea 

i been formed of the direct cause of the lumi- 

BnouB phenomenon. 

According to Matteucci, Eoberts, and De 
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Quatrefages^ the light of glowworms is a pheno- 
menon of combustion — such, at least, was the 
opinion of these philosophers when their observa- 
tions were published. 

According to De Quatrefages and Professor 
Ehrenberg, the light of the Noctiluca is an electric 
phenomenon. Ehrenberg has discovered in a little 
marine worm, Photocharis cyrrigera, that which 
appears to him the organ of phosphorescence. He 
thinks also, that those small elevations which we 
observe upon the bodies of Noctiluca^ when highly 
magnified, are so many phosphoric organs ; so 
that it seems evident, at present, that wherever 
phosphorescence is observed in animals, there 
exists a special organ destined to fulfil this fiinc- 
tion. 



CHAPTER n. 



It will be easily seen, by examples that have been 
brought forward in preceding chapters, how diffi- 
cult and bow ineffectual have been the attempts 
to give a satisfactory explanation of phospho- 
rescence. Theopiuiona on this subject published by 
Dessaignes and Becquerel certainly merit the most 
consideration. The theory to which they lead may 
be seen condensed in the following paragraph : — 
"It is perfectly demonstrated, at the present 
day, that an evolution of electricity takes place 
in bodies whenever the equilibrium of their mole- 
cule a. undergoes a change of any sort, either in 
their chemical constitution or in their physical ag- 
gregation. K these molecules are not separated 
thereby, we observe a recomposition, more or 
less rapid, of the two electricities that, for an 
instant, were put in liberty ; and this may deter- 
mine, according to the nature of the body and 
the tension of the electricity, a production of 
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light and heat. Hence, when the particles of iM 
body are shaken by percassion, friction, heat, 
light, or decomposed by chemical action or by an 
electric spark, these two effects (light and heat) 
may be produced by the recomposition of tba tfwofl 
electricities, especially when the particles subS 
mitted to experiment are had conductors. But a^M 
these causes are precisely those which prodao^H 
phosphorescence, we are indnced to admit th^B 
identity of electric light and that of phospho^f 
rescence;* so much the more as the laminoidfl 
appearances are sensibly the same in both caaesjH 
and as bodies, which are t/ood conductors of elec^M 
tricitj/, in which the phenomena are rarely acconL^B 
panied by emission of Hght, are also devoid 0^1 
phosphorescence" (Becqiiercl) . H 

This theory, brought forward some years sgo^fl 
is hardly on a level with the present state irfM 
science; and, indeed, Dr. Young's ideas on thai 
phosphorescence of solar phosphorus, appear ttfW 
me quite as near a satisfactory explanation. Dr-W 
YoQDg admitted that the shining of the BulognaJ 
stone, after it has received the rays of the son^fl 
greatly resembles the sympathetic sounds of mnfli^^l 
cal instruments, which are agitated by other 8oiuidt|^| 
conveyed to them through the air. ^M 

I * It would not bo unpoasible to prove this opinion to be tnl^^| 

I Or Mae, hy Bubmitting phoBphoric light to tpi'itrum analjmiB, a^^l 

I I have BtHli»l before. For m; own part, I am not iDolined tat^| 

I adinit the bet i priori, in M.fiecquerel't eense. ^^B 



All the physical researches of times gone by, 
■and all the experimental data furnished by the 
llhilosophers of the present day, tend tfl prove the 
reality of those admirable notions brought forward 
by Grove in his ' Correlation of Physical Forces.' 
The correlation theory enables us to account for 
many hitherto unexplained phenomena, and points 
out to us the direction in which physical science 
may spread to greatest advantage. 

I am indeed led to believe that all those re. 
markable phenomena classified under the heads 
of light, heat, electricity, magnetism, etc., are in 
reality modes of motion, or matter in motion, 
"When two bodioa of a certain volume move before 
na, we can witness and describe the motion easily 
enough ; but when motion takes place among the 
molecules of bodies, the most powerful microscope 
"will not allow ua to detect it : we are led, how- 
ever, by innumerable facts, to infer that such 
motion does occur. By stating that the so-called 
" physical forces " are different modes of motion, 
I understand that if the molecules of any substance 
vibrate in one direction, north-south for instance, 
e light; in another direction, east-west, 
•Jricity ; in an intermediate direction, h^eiit ; in 
jSnother direction, magnetism, etc. All these mo- 
itions being connected to the primary rotation of 
inr planetary system, or gravitation. But we 
vkave no proof that the molecules of bodies vibrate 



in atraight lines ; their motion ia more probably 
circular. Indeed, my ingenious friend M. Porro 
has endeavoured to show the great resemblance 
which seems to exist between these molecular 
movements and those of celestial bodies ; and it 
has been supposed by some philosophers that the 
molecules of matter are as distant from each other, 
in proportion to their size, as the planets i 



But, in the present state of knowledge, all tlu 
considerations are premature. 

We must not confound the lum.inosity produi 
iu substances that are heated to a certain deg^ 
which is supposed to bo identical, or nearly e 
for all, with that peculiar phosphoric radiati 
which a great number of substances emit i 
different degrees of heat, and some, at the c 
nary temperature of summer. As early as 1 
Dr. Fordyce observed, that heated bodies begi 
to be luminous in the dark at from 600° to 70* 
of Fahreuheit's thermometer (see hia interesl 
ing paper in the ' Philosophical Transactions' f 
1776). 

I say that we must not confound these ( 
manifestations of light, though they are } 
molecular vibrations of the body submitted 1 
ejcperiment ; yet they differ ; for instance, 
spar heated gently over a fire becomes phospho< 
rescent; heated to a still higher 



phosphorescence disappears, and is afterwards re- 
placed by another kind of light ; the body is then 
Bald to be red-hot, white-hot, etc. 

In every case phosphoric light is developed 
first, and is followed by the second kind of lumi- 
nosity, unless chemical decomposition is required 
to take place before phosphorescence ensues.* 

These two kinds of light have never been ex- 
amined physically to ascertain whether they differ 
in any essential property, but we know that they 
must differ. Researches undertaken with this 
view would be exceedingly interesting. We know 
that the light of incandescent solid bodies, that is, 
bodies heated red-hot, and the light of the electric 
spark, exhibit great diversity in the number and 
position of Wollaston's dark lines, already referred 
to in this work. The velocity of electric light is 
also known to be greater than solar light in the 
ratio of three to two, according to Wheatstone'a 
admirable experiments. Again, we know that 
a solid or liquid incandescent body possesses hght 



• For inaUnce, whon nativB gjpBum ia heatod on charcoal 
before the blowpipe, Bome curious phenomena occur. After the 
compound has lo«t ita water, it meita into a heautiful transparent 
bend, wbicli beconieB opaqou on cooUng. If this be stronglj 
heated in the flame of reduction, the sulphate of lime losea its 
oi;gen ; at the eame time, il« point of fueion is conaidembly 
nilfled, and it ia tranafapiied tulo aulphuret of calcium. At thia 
moment, with greater heat, it begins to melt again, and at the 
same time a rery brilliant phasphoresceiiae is obseTved. 
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which differs in certain properties, from that pro- 
duced by a burning' or luminous gas, aa shown by 
Arago ; the former gives indications of polariza- 
tion when viewed at an acute angle, whilst the 
latter never showa any traces of polarization at 
whatever angle it is viewed. 

All these experiments remain to be made with 
pliosphorescimt bodies. We are therefore very 
much in the dark as to the nature of phosphoric 
light. 

We are so accustomed to associate light and 
Jieat, as in the flame of a caudle, for instance, that 
it is difficult to bring the mind to reflect upon a 
fact beyond doubt, namely, that the one may be 
generated without the other. When a ivire be- 
comes heated by an electric current, it often be- 
comes limiinous also ; but in other cases a body 
may become luminous without any sensible degree 
of heat. With combustible substances used in 
candles, lamps, etc., the greater the li^lii tlis le«a 
tli^ heat, and reciprocally. The flame of an oil 
lamp is very hot ; that of a camphine lamp, which 
is far brighter, is very much cooler ; whilst the 
flame of a spirit lamp, quite invisible 
shine, produces a great amount of hoat. Let 
inquire how these things occur. 

We know that whenever any one of those s] 
cific motions of matter which wolterm foive (ligl 
heat, electricity, etc.) ceases to manifest itself, it 
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' replaced immediately by another, equivalent for 
equivalent. Thus, a. force A, being given in action, 
as soon as it ceases to act, we see it replaced im- 
mediately by its equivalent of another force B, 
And when the force B ceases to manifest itself, 
it is immediately replaced by its equivalent of 
another force C, D, or E, or the force A re-ap- 
pears. 

Hence we see one kind of motion (friction) 
transformed into huat or electricity, according to 
B substance submitted to experiment. By rub- 
ting wood we produce heat, by rubbing glass 
r resin, electricity. Again, motion (pression) is 
transformed into eleclnciti/, when we press the 
angles of certam crystals, such as Iceland spar. 
In the same way heat can be transformed into 
motion (steam-engine), into electrieity (thermo- 
jslectric currents), into light, into cJiemtcal action, 
etc. And each of these new kinds of motions 
(forces) generated may in its turn be transformed 
trto heat or into any of the others. By heating 
rater, the molecules of this body are put into 
H ; by heating a bar of antimony soldered to 
Ihbar of bismuth, a certain amount of the vibra- 
tion called heat is transformed into its equivalent 
of liliidricily. The same transformation takes 
place when crystals of Tourmaline or Boracite are 
l-jleated. 

Wben we heat a platinum wire by means of an 
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electric current w e lee a certain amount of eJet 
vihral ji transfurmed into heat and light, for tlii 
wire first becomes liot and then Inminoua. If we 
plate upon the snow two pieces of cloth — one 
white the itlierbHLk — the white one reflects back 
the light of the snn, the dark one absorbs the 
light, and a certain amount of it ia transformed 
immediately into heat, which, in its turuj is trana- 
formed into another kind of motion manifested by 
the melting of the snow under the black cloth. 

In the same way Injht is transformed into 
themiuil action (as in photographic processes), and 
chemical action into tight (combustion of phos- 
phorus) So, again, the electricity of the galvanic 
battery is transformed into its equivalent of light, 
LiiPmicnl action, heat, etc., and ckemiciil action 
gives birth to electricity, light, and h^at. 

The motion or vibration of a special organic 
substatice, which motion constitutes nrri'ims force, 
can be transformed into ehxtncitij, and electricity 
into nervbus force. Matteucci, who has made nu- 
merous experiments upon this subject, distinctly 
insists upon the necessity of distinguishing be- 
tween electric force and nervous force. One of 
these can give birth to the other, and reciprocally ; 
but they are not identical. When a nerve ia 
excited ^y an electric current, it immediately oc- 
oasioz(Si::;-^^gcu1ar contractions ; but at this moment 
" b a ^-"n^race o^ electricity can be detected in any 



part of the nerve. As soon as electricity meets 
with the nerye, it finds the uecessary medium for 
transforming itself into another kind of vibration, 
which we call nervous force, and this passes into 
muscular motion, or contraction. Reciprocally, 
when we hold in our hands the two wires of a 
galvanometer, and, by a muscular contraction, 
"*et the needle of the instrument in motion, we 
.cannot say it is nervous force which moves the 
■needle ; this motion is owing to elect neiiij, result- 
riig itself from the transformation of a certain 
amount of ncrvoiix force. 

I It is highly probahle that this doctrine of trans- 
■formation may apply to nei-vous force and iiistinct 
'or will; though we enter here into considerations 
■which are beyond our present means of experi- 
ment. 

lu nature, we can almost always connect liglit 
with electricity as a starting point, — especially 
:when it concerns had conductors. When an elec- 
,tric current passes through a bad conductor, a 
igreat amount of electricity is transformed, into 
flight, and the body experimented on becomes 
[Inminous. Again, in the combustion of phos- 
lorus, as in every chemical action, a certain 
lamount of what we call cb-eiuical force or chetnieul 
hj, is transformed into elcrtrlcity; and, in the 
\&aEB of phosphorus and many other bodies, a 
lortion of this electricity into light. This latter 
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traneformatioii depends upon the nature of the 
body and the intensity of the action. 

The phosphorescence of minerals, or muieral 
substances artificially produced, is an example of 
one of the vibrations of matter already alluded to, 
and which may be owed, in the first place, to hoat, 
electricity, solar I'ght, chemical action, etc. In 
a great many cases, as Dessaignes and Becquerel 
have shown, electricity is the immediate vibration 
to which the light produced may be referred ; and 
that is the reason why bad conductm-s are more 
readily phosphorescent than other bodies, and, 
probably, why the most refrangible rays of the 
solar- spectrum are the only ones which will induce 
phosphorescence after insolation. 

My own idea o? phonphorescence after insolation 
ia as follows: — Tho light of the sun, acting' upon a 
mineral substance, occasions a certain vibration 
(electric, chemical, or magnetic} ; but this vibra- 
tion not being able to continue when the action of 
light ceases, that is, when the substance is placed 
in obscurity, the body gives back light whilst 
losing the vibration (electric, chemical, or mag- 
netic) occasioned in it by the rays of the snn. 
The hody in question does not, in thU cast; ijivt 
back the entire quantity of light it has received; 
hvt a quantity equivalent to the electric, ckemicatt 
or magnetic vibration induced in it by the di 
infiaence of the solar Ivjht, 




The reason why I suppose a magvetic vibration 
may be induced as well as a chemical or electric 
motion, is obvious, since Morichini and Mrs. M. 
Somerviile have sbown, by direct experiment, that 
magnetism is induced in steel by expoanre to the 
most refrangible of the solar rays, precisely those 
which induce phosphorescence,* Moreover, light 
is engendered by magnetism in a curious experi- 
ment made by Grove in 1845. A tube, filled with 
the liquid in which magnetic oxide of iron has been 
prepared, and terminated at each end by plates of 
glass, is surrounded by a coil of coated wire. 
"To a spectator, looking through this tube, a 
flash of light is perceptible whenever the coil is 
electrized ; and less light is transmitted when the 
electrical current ceases, showing a symmetrical 
arrangement of the minute particles of magnetic 
oxide while under the magnetic influence." (Cor- 
relat. of Phys, Forces, p. 158.) Some remarkable 
results were likewise arrived at by Sir W. Snow 
Harris, as early as 1834, by vibrating magnets 
in the * sun, and published in the ' Edinburgh 
Philosophical Transactions' for that year. 

A similar conception would apply to phospho- 
rescence produced by heat, chemical action, elec- 
tricity, etc. 

• Tbeee are also the rejB whicli Eaaae chlorine to combine 
with hydrogen, and which decompose many chemical com- 
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It is well known that when a platinum wire is 
suspendeil, after being heatedj in a mixture of 
etlier-Vftpour and air, or in a mixtui'e of aJcbolic 
vapour and air, it continues incandescent for 
hours together, until all the ether or alcohol em- 
ployed is spent. lu this case, the spirituoua 
vapour is burnt by the oxygen of the air ; but 
neither the oxygen nor the ether become lumi- 
nou3j— it is the wire alone which gives out light. 
This curious phenomenon may go far, perhaps, 
to explain the phosphorescence of dead animal 
matter. The whole circumBtauces connected with 
it have been brought forward in my prize memoir, 
' La Force Catalytique, ou Etude sur lea Ph^no- 
menes de Contact,' printed at Harlem in 1858 
(see Appendix). 

As regards phosphorescence iu the vegetable 
kingdom, pOBsesBing, as we do, only a few isolated 
observations, we are devoid of sufficient experi- 
mental data to offer any theoretical conai deration 
as to its production. If thu hght emitted by 
flowers appears to be electrical, that evolved from 
fungi is more probably connected with chemical 
action. 

In luminous animals, we find everything pre- 
pai'ed by nature for the production of light; 
namely, a phosphorescent organ specially adapted 
for this purpose. 

Taken in its mod eatltfnclonj point of view, the 



evidence of combustion being the cause of the 
light 'of glowworms may be thoa stated : — 

1. Mattencci and Roberta, the former by veiy 
delicate esperiments, assure themselves that a 
slow combustion takes placej though no sensible 
heat is evolved. They do not know what sub- 
stance bnms; they find, however, that the light, 
though not immediately extinguished in hydrogen 
and carbonic acid, ia so in about half an hour; 
whilst, in oxygen gas, it shines three times longer : 
that is, at least an hour and a half. 2. M. Schnetz- 
ler &nds phosphorus in the luminous tissue of the 
insect, ajler oxidizing it with nitric acid, in the 
state of phosphoric acid or phosphates; and this 
phosphorus may have been present aa free phos- 
phffiiis, since Mr. Thornton Herapath finds no 
phosphates in the insect's body. 3. Professor 
. Morren, as Macartney had done before him, 
shows that large air-tubes or trachea are inti- 
mately connected with the luminous tissue j and 
Morren shows further that the animal extinguishes 
its light by closing the spiracula or air-orifice 
through which the air enters the luminous organ. 
4. The luminous substance shines for some time 
after death, as if phosphorus were really present, 
especially when damp. 

Until these facta, which tend to prove that the 
phosphorescence of glowworms is a phenomenon 
of combustion, be confirmed or refuted by fur- 
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ther research, I cannot do otherwise than repro- 
duce here the theory I pubHshed for the first time 
in 1858. 

In the glowworm, the luminosity can be traced 
directly to the instinct of the insect through what 
are termed the correlative forces, electricity and 
nervooa force. We find the phosphorescent 
organ of a greasy nature, a bad conductor of elec- 
tricity, under the dependence of the nerves, which 
in their tnrn depend npon the instinct. In the 
Firefiiea there exist similar organs, destined by 
nature to produce light ; and, as anatomical science 
progresses, the same will doubtless be found in 
those myriads of inferior organismB endowed with 
phosphorescent properties. Indeed, Ehrenberg 
has already described what he takes to be the 
phosphoric organ in Noctiluca miliaris and Pkoto- 
chnris cyrti^cra. 

A given amount of electricity will always pro- 
duce an equivalent proportion of light when 
passing through a bad conductor ; and a certain 
amount of nervous force, acting through the 
nerves, is capable of producing an equivalent 
amount of electricity ; finally, it is doubtless true 
that instinct is correlative with what are called 
the other modes of force. 

It will be objected, perhaps, that the luminooa 
substance extracted from the body of a Lampi/ris 
shines for some time after the death of the insect ; 
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but can we not contract the leg of a frog long 
after death by means of a galvanic current? 
What is termed nervous force exists, then, for some 
time after death, as numerous observations show ; 
and when it disappears, no more contractions — 
no more light. 



CHAPTER III. 



PRACTICAL CONSIDERATIONS. 



To those reflective minds who really enjoy tlie beini- 
ties of nature and contemplate them with admira- 
tion, practical details are of so little interest, that 
I had not the intention of saying anything upon 
the subject in this work. But, aa some persona 
endeavour, at any risk, to turn everything to pro- 
, fit, to make everything in nature useful to man 
in one way or another, I am willing to show that 
phosphorescence is far from being devoid of uti- 
lity, and that it haa already been extensively ap- 
plied to various nses, often without a knowledge 
of the fact. 

It would, indeed, be superfluous here to dilate 
upon the uses of light; it will be sufficient for me 
to state that the most powerful hght ever pro- 
duced by man, without exception, is owed to a 
phenomenon of phosphorescence. I allude to the 
" Drummond, or Lime-light." 

It is produced by submitting lime, a highly 
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phosphorescent suhsfcance, to the heat, or, rather, 
to the chemical and electrical action, engendered 
doring the combustion of hydrogen by oxygen 
gas. I have indeed been able to show by direct 
experiment that heat has not so much to do with 
the production of this intense light as is generally 



If a piece of borax be heated before the blow- 
pipe, it melts when it has attained a red heat. If 
it be now allowed to cool and a little lime sprinkled 
over it, on applying heat a second time, the lime 
becomes vividly phosphorescent long before the 
borax is at all affected by the heat. It is there- 
fore evident that lime glows vividly with phos- 
phoric light long before its temperature has at- 
tained what is termed a red-heat. 

In the case of the Drummond Light and the 
phosphorescence of lime before the blowpipe, 
electricity may probably be the force which in- 
duces phosphorescence, since Grove (in 1854) has 
shown that the blowpipe flame gives rise to a very 
marked electric current; a number of jets ac- 
tually enabled the author to form an electric bat- 
tery of a certain intensity. Now, when the flame 
of oxygen and hydrogen gases is employed, the 
electric action must naturally be far more con- 
siderable than with a simple blowpipe flame. 
Hence the vivid phosphoric light which bears the 
name of Mr. Drummond, and which has been ap- 



I 
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plied to so many useful pnrposes by engineBra, 
astronomera, microscopical observers, etc. 

The same arguments might apply to the Elec- 
tric Light; but it has not yet been proved that 
this 18 identical with phosphorescence, though 
Buch is the opinion of some philosophers, as we 
have already seen. 

Again, I have alluded, in the first part of this 
work, to the fact that houses freshly painted with 
lime-wash are frequently luminous at niglit, though 
slightly, after exposure to the sun's rays during 
the day. If, by chemical and physical research, a 
means were discovered capable of rendering this 
phosphoric light more powerful, by employing sul- 
phides of calcium or barium, etc., and superadd- 
ing, if necessary, the action of an electric cur- 
rent when the sun is hidden by clouds, a street 
might be effectively illuminated by phosphorescent 
light alone. 

The hght of the Elaierida, or Fireflies, has for 
years been employed for lighting apartments, and 
in travelhng, in the West Indies. 

Phosphorus dissolved in oil has been sometimes 
used as a night-light. As long as the bottle which 
contains the liquid remains closed no Ught i( 
but when opened the phosphorescence is sul 
cieutly bright to enable us to read the hour upi 
1 watch, etc. These luminous bottles were om 
ch in vogue as useful curiosities. 
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In cases of poisoning by phosphoruSj tte lumi- 
nosity of this substance in tlie dark ia the princi- 
pal character by which chemiata assure themselvea 
of its presence in the intestines, etc., submitted to 
analysis, Mitscherlieh, of Berlin, has invented an 
ingenious apparatus for this purpose. 

If we were acquainted with the circumstances 
which produced the phosphoric light described by 
Dr. Kane, and which enabled him to find the pis- 
tol so readily, it would be exceedingly usefiil to 
command at will such an evolution of bght. 

As concerns Natural History, new sources of 
light employed in microscopical investigations are 
often attended with unexpected results. Such 
was the case when polarized light was first ap- 
phed in this sense ; and we know that the solar 
microscope may be brought into action at night by 
means of the phosphoric light evolved by lime. 
I have known phosphorescence had recourse to in 
order to distinguish one plant from another. This 
was the case with two closely allied apeciea of 
Ilhizomorpha, which sometimes resemble each 
other extremely ; tlie one is however phosphores- 
cent at night, and the other devoid of this pro- 

In Mineralogy the phospkoreacent properties of 
spar, arsenic, lime, oxide of zinc, etc., ren- 
ir it easy to detect their presence when sub- 
ices are heated before the blowpipe. 




I 
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Again, no stone resembles the diamond so 
closely as white topaz, which is often sold as dia- 
mond. But the phosphorescent properties of the 
latter furnish us with a ready means of detecting 
the one from the other. 

The reproduction of engravings, etc., by phos- 
phorescence has been achieved by my friend 
M. Ni^pce de St. Victor, as stated in Chapter VJJ. 
(Part I.) . 

As phenomena of phosphorescence are more 
studied, they will doubtless lead to new views 
upon the molecular constitution of bodies, which 
cannot fail to be attended with practical results. 

Phosphorescence will certainly be applied to 
many other useful purposes as it becomes better 
known. We must remember, however, that it is 
yet in its infancy, and that the greatest philoso- 
phers of the present day know less of it than of 
any other physical phenomenon. 
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LIST OP THE PEINCIPAL WORKS THAT HATE 
COSTKIBUTED TO OUR PRESENT KNOWLEDGE 
OF PHOSPHORESCENCE, 



FABBimo (tTSrfime) ^Agnapeadenle. On the Pho9ph( 
of Slash, in Opera Omnia. Edition published at Leipsic in 
1687. 

Babthomk (Thomas). Db Lvce Bominvim et Bmtorvm. Pnb- 
lishcd Bt Lejden in 1647. But two other editions were pub- 
tiilied in 1663 and 1669, in Sva (Haffiiia<) ; and to tlia latter 
has been added the treatise of QeBner, entitled Ds Earis et 
, Adniraadig Merbis qutf Noi^u Lueent, 

LlCETFa. Farfunii lAceti LUheaspTiariu, sire de Lajnde Boso- 
mfn»i. (Utini, 1640.) Account of the DiscoTerj of the Bo- 
logna Stone. 
iPoTIBB (PiaiTo). FharmacopiBia SpagyrUa, ii. 27, in Opera 
(Frankfort, 1698.) Description of the mctliod fonuerlj em- 
plojed for preparing Solar Phosphorus from the Bologna 



MiB&OBiP. Chgmunhe Scriftm, vol. ii. Kcw Method for pro- 
paring Solar Phosphorus. 
I BOTUE (Robert). On iAe PAoip&oresceace of the Diamond, 
Adamat Lacem, ^c. (Lond. 1603.) " Experimpnts conoemtng 
I the relation of air and light in shining wood and Cah : " PW- 
' loiophioal TrantastioHty 1668. " Observations on shining 
;" Fhil. JVoB*., 1672. "Account of the new element 
I Phnphorui :" FMl. Tram., 1680. 
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LBMEBr (Kk-holoB). Prep, of Solnr Pliosph. : Court de dy 
rale. (1675 ; tlie beat edition of tliis remarlcablo nork on 
pubJiahed at Paria in 1713.) LBnierj's inowledge of Phgs- 
phoregeence was groator than that of any Miui of hil tiin* 
Ike pages 482, 483 el seq. of liia nark on Chcmiatry, maj 
tie rood with interest at the present day. It is eicpedinglj 
remarkablo that his explanatiou, eonslantlj repeated, of the 
l^ht heing owed to rapid moleoular motion, it procbely that 
which is becoming adopted at presoat. 
Baushik. (Some authors write his name Balduiii, end Baldwin.) 
Oh bis Phosphorus produced from Mitrate of Liine. PAoi- 
phonti Hemsliaa, sea magna imBJooris, 1675 j see alM 
Phil. Tram. Abrid. iL p. 368. 
HouBEKG. On his PhosphoFUB. Mimoiret de PAcademU dt 
ParU, 1893, p. 307. He prepared it by heating sal-atmnonijic 
and chalk. The result was carbonate of ammonin wbich 
distilled and dry-fused chloride of Caloium, which, ahinoa in 
the dark when struck. 
HitTKHBEK, On the Lurainosity produced by the Friction of 
Mercury in the Barometer Vacuum. Phi/ideo-mechiiaical Ex- 
periments. (London, 1709.) " Experimtmts on the uttrition 
ofbodiestnoacNa: Phil. TVam.,1705. In thii paper the author 
prorea by direct experiment, that when steel is rubbed agaiiut 
flint, the sparks are not produced without the presence of air; 
heneo it was ailerwards discovered tbat, in this case, the lighl 
is produced by the rapid combuation of small particles of 

BocBTES (Fatlier). " Concerning Ihe Luminous Appearanoo 
obserraWe in the Wako of Bhips," ic; PkU. Trane., 1713. 
I hare not alluded to this paper in my historical notes, as the 
author brings forward no observations of particukf value, mad 
has not Cbe most remote idea of the true cause of tliia phos- 
phoric appearance. "The production of Ihe light," he soys, 
" depends very much on the quality of tho water." The 
tbor's obserratioDS are however intd'estiog, as having 
made in the Indian Seas. 
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Dttfat. On the Phoaphoreaeeiioe of Diamonda, etc. : Mimoires 

de VAcad. de Parii, 1730, and id. 1735. According to this 

author, jellow diamonds are moro apt to become phoaphorcfi- 

cent than thoaa of other tints. 
Wltsos. InBuence of tlie different rays of the Solar Spectnun 

on Phosphoric Light : Joum. da Phj/iique, t. it. p. 93. 
BeCcabu. De guamp/urimU PAotpharis, elc. (Bologna, 1714), 

and on luminous clouda, etc., qnot^d bf Arago in the Ann 

for the jear 183S. 
TiANSLLl. Akom Scoptrts iatoi^to le Luci noUtime delT Aeqtia 

Marina. (Veoezia, 1749.) 
0-KixKLLlNl. On the Luminoua Soolopendra. (Veu 

I am not acquainted with this work. 
Cantoh. On hia PhoBphoruB, in Fhil. Train., 176 
■WkbgwooD (Thomas). " EiperiniGuta and ObBerv 

Production of Light from different bodies bj Iloat and by 

Attrition : " Phil. Tram., 1792. 
HtitsiK, Kxp. on the Light which is spontaneously emitted 

from TflrioUB bodiea, and on Solar Light : PMl. Trann., 1802. 

In this remarkable paper Dr. Huhne states, " that solar light, 

when imbibed by Canton's Phosphorus, is subject to the same 

kws with respect to heat and cold aa the spontaneoua light of 

fishes, rotten wood, and glowworma." 
TlViASl. Fhoaphorenlia MarU, etc. (Genoa, 1805.) 
DEBBUfiyES. Papers on Phoephoreacenoe, in MCmoirei de VA- 

cadgmit de Parit, 1807, 1808. 
Pbaksal. " On Phosphorescence by Heat," etc.: Ann. de dim. 

2nd series, t. ilii. pp. 887, 846, " Electricity and Phospho- 

resoence ' " Joarn. of the Royal Imtilalio*, toI. i. 
Bbiwbteb. "On Fhoaphoreacence by Heat:" Bdin.Fhil, Mag. 

i. 383. 
HElNBloa (Placidus). " On Phosphormecnoo after Insolation 

and hy Heat ;" Job™, de Phyi. lisi. 307. 
Sbbbkok- "Eip. on Phoephorenceiice : " Compiei-Readna de 

PAcad. del Sc. de Parii, t. liv. 
Gbotbdb. " Eip. on Phosphorescence : " SL:lueigeT'« JijmthiA, 

WT. 11.134 



Maoabtnet. " On luminous AnimalB ; " Pfiil. Trans., 1810, 

Thomson (Thoa.) J. Syntem of ChemUlrg, in four vols. VoLi 
chap. 1, of light. (London, 1820.) 

SOMEHTiiLE (Mary), "On the Magnetizing Power of tie 
more refratigiblo Solar Rajs : " PM. Trana., 1826. MoBl- 
OHim's Experiments were pubhshed in Oitberfa Annalai 
der Fhi/ak, in 1813 i sea aJso AtataU of Philotophs, "■ 33", 
wbero FiAYfiiB gives on aemunt of the miccesa of these 
experiments in the hands of M. Caefe, In Ann. of Phil., 
iy, 22S, thoy are, howerer, dDntcd bj other authors. 

MiOHASMB. Ueb^ das Leachfen der Ostaee. (Hamburg, 1830.) 

TUBTIHASTTB. DU Erscheinimgen and Gegetze des Thieritekra 
LebeiM. (Bremen, 1831.) And his Vemitchte Siririjfini, 
edited with Mb brother from 1816 to 1821. 4 Tola. (Bremen 
and Gattingon.) 

TiLlsiVB. On the Fhospborenccnce of Small Meduaee, in A#- 
naten der Weileraniaeken QeselUohaft, voL iiL p. 360. A p»- 
per qnot«d h; Cabith in bis Comp. Anat., toL i. (Belg. ed. 
1838.) 

PoNTDB. On the Bpipi produced by Water when it is made W 
freeze : Jaum. dea SMencee Ph/sigaea de M, Julia de Faata- 
iulU,y61. i. p. 131. (1833.) 

Tl KT.n.T.E On the Phosphorescence of the Italian Agaric, in 
Complei-Kendua of the Acad, dea So. Pom, 1833. 

Dumas. DiBcovety of the Pliosphorio Eadiation emitted by 
Borado Acid when cooling after melting (cited bj BEazBUTlB). 
ZVbiM de CMmie (Belg. ed.), vol. i. 

BanzEucB. DiscoTerj of the light produced when fluoride of 
sodium crj-stallizeB, and otlier cases of mineral phosphorw- 
eence, in TraiM de ChimU:, vol. i. to t. (Belg. ed.) 

HiBBls (Sir W. Snow). On the Investigation of Magnetic In- 
tensity, etc., in -Erfin. PhU. IVoiu., January, 1834. In thi* 
paper Sir William Snow Harris has arrived at the ooncliuioii 
that magnetism Induced bj the sun's rays docs not occur in s 
Toonum. " The influence of the sun's rays," says the authf^, 
"en a magnet oacillating in tur, u to reduce more rapidly the 
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arc, and to diminish the time of a given mimber of vibralidiia. 
The infiuence of the bud'a rays on a magnet oBcillating in a 
Toid, ia to merease the time of a giren number of vibrationa ; 
whilst the are, if the retardation of the rate of Tibration be 
small, is not msteriallj aHected." Kcarly the same pheno- 
mena occur when bars of copper are Tibrated in like manner. 

MeIiLOHI. " Obserrationa et Experiences rulatires ik la th&^rie 
et k ridentit6 dee agcnta qui produisent ia lumi^re et la cha- 
leor rayonnante," in Jovm, des Sc, Phys. dt M. JvUa de Fon- 
taneile, t. iy. p. 161. (1836.) In this romartabla paper, which 
yiaa, I think, presented to the Academy of Sciences of Paria, 
the anthor, after proving that radiant light and bent have two 
distinct causes, or arc two distinct efiects of one cause, endea- 
VQurg to separate light completely from hoat. His eiperimenta 
Buooeeded admirably. Absorbing all the heat either of the 
solar rays or an artificial fire, by making tlie rays pass through 
a eyafem of diaphanous bodies, such as water or blue glass, he 
succeeded in ohtaining pure light. "Thb pure ligM" says 
Melloni, " emerging &om this sjEtem, contains much yelloic, 
and posiesses moreover a hlnUh-ipeen tint. It has no action 
whatever on the most delicate thermometer, even when con- 
densed by a lens until it is as brilliant as the direct toys of the 
Sim." This pare light has therefore all the properties hitherto 
recDgmied in ordinary phosphoric light, such as that of the 
glowworm, the Bobgna-stone, etc. 

SuEIBiT. " Rechcrches but la cauae ordinaire de la Phosphores- 
cence Marine."— Jffl,?. da Zooloyie de GaSrin, 1836. 

BkcQitebbl (Ed.). On Phosphoreecenee after Insolation ; many 
papers in jinn, de C&im. Paria. Compare also Mobbed, in 
Compia-Bsndta, 1861 and 1B62, on the Fhosphoresuence of 

Becqukbkl (Pfere). Traill d!Eter>(rieili, t. vi. 

MoiOHO. RepeH. (TOptiqiiB Modeme. (Paris, 1842.) 
These two authors have quoted aereral facta relating to Phos- 
phorescence in their large works. 

" Notice Bur io Tonnerre," etc., in liis tEucres Cam-eC^lfca. 
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Mabchaih). " On the Phosphorescence of Phosphorus :" Joum. 
Jur Frakt, Chemie, 1851, 1. p. 1. We have here a set of 
experiments, tending to show that the phosphorescence of 
phosphorus is not owing to comhustion, hut to a molecular 
action upon the surfiEUse of this suhstance, and which mani- 
fests itself in all kinds of gases, whether they support com- 
hustion or not. But the phosphorescence does not appear to 
be of long duration in gases, such as carbonic acid and hy- 
drogen, and moreover depends upon the pressure to which the 
gases are submitted. Marchand thinks that phosphorus is ca- 
pable of shining in the dark in carbonic acid, hydrogen, etc^ 
and that the phenomenon is owing to the volatilization going 
on at the surface of the phosphorus. 

SCHBOETTEB. In 1852, Professor Schroetter of Vienna, after 
assuring himself by several experiments that the light given 
out by Phosphorus, when its temperature is slightly raised, is 
owing to oxidation, showed that Sulphur, Selenium, Tellurium, 
and Arsenic, heated gradually in contact with oxidizing bo- 
dies, give out light and produce oxides which differ from those 
produced by ordinary combustion at higher temperatures. — Le 
Cosmos, vol. i. (Paris, 1852.) 

Ehbenbeeg. Ueber das Leuchten des Meeres, Abhand, der 
Alcad. zu Berlin, 1854. 

De Qtjateepages. On the Phosphorescence of Noctiluca : 
CompteS'Rendus, t. xxxi., and Annales des Sciences Naturelles, 
3® serie, vol. xiv. 

Veehaeghe. On the Phosphorescence of the Sea at Ostend. 
A pamphlet reprinted from the Bulletin de VAcad, des Sc. de 
Bnixelles, 1855. 

Rose (Heinrich). On the emission of light by Arsenious Acid 
whilst crystallizing : Ann. der Physik, 1835, and Ann. de 
Chim., 2® serie, Ixi. 288. Light developed during the crystal- 
lization of sulphate of soda and potash : Ann. de Chim., 3* 
serie, Iv. 125. On the phosphorescence of certain substances 
when heated : Annales der PhysiJc, March, 1858, and Ann. 
de Chim., January, 1859. 
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PniFBOs. " Sur unp cspico particuiitre de mucilage animalc ;" 
Jovm. de Midecine el rfe Phartn. de Bruxellet, 1855. — Se la 
PhosphoreseEBce en giniral tt dea Iniec/et phosphorite). 
Bruxelles ood Psria, 1858. Abridg. cd. in tlennan, publiahed 
at BErlin, 1858, bj Dr. MOller.— On bodib new laseB of PhoB- 
phorBBcence bj Heat, in Comples-Sendui de PAead. dsa Sc. de 
Para, February, I860.— &oSercSe» noavelJei mr 7e Pholphore. 
Brussels, 1856.— Xa Foree Caiali/figHe, Mada sKr les Phino- 
jninesde Contact. Mlmoire covrotmi par la Sodm SoUm- 
daine deg Science!, Sarlem, 18B8. — Svr la Maliire Phaspho- 
rescenta de la Bale : Complea-Seadm, 1860. 

HikfcbiibSt. ViOTOB. Onancw Action of Light. ManypapoiB 
in Compten-ltendiiii de VAcad. dea Sc. Paria, from. 1857 to 
1858. 

BacqwEBEl (Edmond). On PhoBphorescenoe after InBoladont 
Aiim. de CMm., January, 1859, and some papers on the saniB 
fiul^ect in Comptet-ltendits since the date Jnat given. — On the 
Phosphowicence of GlaaM ; Cimpla-Rendtu de VAoad. del Se. 
PnrU, 1B59. 

Waetmabk. OnaLnminonB Fog at Genpya; Campfes-Ecndiis, 
December, 1859. 
The naraes of other authors have been gircn in the present 



■It has been observed that Calamine (hydmted silicate 
ihcn heated, becomes elecirie and phoiphoreaeetit at the 
same time ; and this will doubtless be (bimd to bo the case 
with many other mineral substances which exhibit phosphorei- 

The minerat called Wollasinaile (alKoato of Htno) bMomoE 

oeplioroleent bj friction. 

y attention has lately been called to the fact that iee and 

B phosphorescent afW insolation. Although I have 

an opportunity of witnessiDg it myself^ I find that 

aoidos Heinrich. was aoquaiivtad "mW\. ^\\b ■^'wawsmKMfCi\V« 
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found that large lumps of ioe are slightly phosphorescent in a 
dark room after being exposed to the sun, the temperature being 
kept several degrees below freezing point. GRie brothers Scblagint- 
weit, Prof. Berty, and Mr. Tuokett, have witnessed the phos- 
phorescence of the snow and the ice on the glaciers of the Alps, 
etc. The darker the night, the more brilliant the phenomenon. 
It appears sometimes like the effect of a second sunset. This 
phosphorescence is remarked on the Alpine summits and on the 
snow which lies in the vaUeys of Piedmont, Switzerland, Yolais, 
etc. The colour of the light emitted is bluish. It is not re- 
marked in snow which has Mien shortly before night, and which, 
consequently, has not been long exposed to the sun.. 
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